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Professor  of  Mechanical  Engineering, 
and  Superintendent  of  Mechanic 
Arts,  University  of  Arkansas 

Assistant  Professor  of  Mathematics 
and  Astronomy,  Case  School  of  Ap- 
plied Science  

Professor  of  Drawing  and  Design, 
Michigan  Agricultural  College 

Assistant  Professor  of  Chemistry, 
Ohio  State  University 

Associate  Professor  of  Experimental 
Engineering,  The  Pennsylvania  State 
College    

Associate  Professor  of  Heating  and 
Ventilation,  Massachusetts  Institute 
of  Technology  

Professor  of  Mathematics  and  Applied 
Mechanics  and  Dean  of  the  School 
of  Engineering  and  Architecture, 
Washington  University 

President,  Carnegie  Institution  of 
Washington,  Washington,  D.  C 

Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Michigan 

Professor  of  Modern  Languages, 
Case  School  of  Applied  Science 


1907 
1893 
1897 

1894 
1907 

1907 

1907 
1906 
1907 

1898 
1904 

1894 
1894 

1904 

1907 
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MEMBEKS. 


Yebzley.  William  Alfbed 

14  Garden  ht., 
Potsdam,  N.  Y. 

You^G,  CLisros  M 

407  W.  Hancock  St., 
•  Lawrence,  Kan. 

YorxG,  Daniel  A 

320  Lenox  Road. 
Schenectady,  N.  Y. 

YouKG,  Gilbert  A 

409  University  Ave.. 
West  Lafayette,  Ind 

Y'oTTNG.  Lewis  E 

Golden,  Colo. 

Zelexy.  Anthony  

321  Church  St.,  S.  E., 
Minneapolis,  Minn. 

ZlilMEBMAN,    OlIVEB    B.  .  .  . 

Charles  City,  Iowa. 

ZnvET.  Alexandeb   

Ann  Arbor.  Mich. 


Professor  of  ^lechanical  Engineering, 
Thomas  Clarkson  bchool  of  Tech- 
nology     

Associate  Professor  of  Mining  Engi- 
neering, University  of  Kansas 

Instructor  in  Civil  Engineering, 
L'nion  College  


Assistant  Professor  of  Mechanical  En- 
gineering, Purdue  University 

Professor  of  Mining. 
Colorado  School  of  Mines 

Assistant  Professor  of  Physics, 
L'niversitv  of  Minnesota 


Mechanical  Engineer  and  Chief  Drafts- 
man, Hart-Parr  Co 

Professor  of  Mathematics, 
University  of  Michigan 


1907 
1907 

1908 

1907 

1903 
1907 

1902 
1897 


GEOGRAPHICAL    DISTRIBUTION    OF    MEMBERS. 

Names  in  italics  are  those  of  persons  not  engaged  in  teaching. 

Alabama. — Aubnin:  R.  L.  Brown;  B.  H.  Crenshaw;  G.  N.  Mitcham; 
C.  C.  Thach;  A.  L.  Thomas;  J.  J.  Wilmore;  (6).  Montevallo: 
T.  W.  Palmer.     Talladega:  H.  E.  Kyser.    University:  E.  B.  Kay. 

Arizona.— Tncson:  W.  W.  Henley;  L.  A.  Waterburv;   (2). 

Arkansas.— Fayette ville:  W.  N.  Gladson;  J.  J.  Knoch;  A.  A.  Steel; 
B.  N.  Wilson:    (4). 

CaHfomia.- Berkeley:  6.  B.  Christy;  C.  Derleth,  Jr.;  H.  W.  Reynolds; 
(3).  Pasadena:  H.  T.  Clifton.  Stanford  University:  W.  F. 
Durand:  L.  M.  Hoskins;  C.  D.  Marx;  H.  J.  Ryan;    (4). 

Colorado.— Boulder:  H.  S.  Evans;  J.  A.  Hunter;  D.  R.  Jenkins;  M.  S. 
Ketchum;  A.  P.  Poorman;  J.  H.  Wallace;  (6).  Colorado  Springs: 
F.  Cajori.  Fort  Collins:  L.  G.  Carpenter;  R.  W.  Gay;  J.  W. 
Lawrence;  C.  A.  Lory;  (4).  Golden:  V.  C.  Anderson;  C.  R. 
Burger;  L.  E.  Young;    (3). 

Connecticut.— New  Haven:  8.  E.  Barney;  R.  H.  Chittenden;  A.  J. 
Du  Bois;  C.  S.  Famham;  L.  D.  Huntoon;  E.  H.  Lockwood;  H.  B. 
North;  J.  W.  Roe;  P.  F.  Smith;  J.  C.  Tracy;  L.  P.  Wheeler;    (11). 

Delaware.— Newark:  G.  A.  Harter;  F.  H.  Robinson;    (2). 

District  of  Columbia.— Washington:  (Carnegie  Institution)  R.S.Wood- 
ward,     ((jeorge  Washington  L'niversity)   P.  Betts;  H.  L.  Hodgkins; 

A.  C.  Willard;  (3).  (U.  S.  Army  Engineering  School)  E.  Wheeler. 
(City)  B.  R.  Green;  J.  F.  Haifford;  J.  A.  Holmes;   (3). 

Florida.— Gainesville:  J.  R.  Benton;  N.  H.  Cox;    (2). 

Georgia.- Dahlonega:  J.  F.  O'Byme. 

Idaho.— Alberta:  J.A.Green.    Moscow:  S.  E.  Hutton;  C.N.  Little;  (2). 

Illinois.— Champaign:   I.  0.  Baker;  A.  R.  Bench;  H.  B.  Dirks;   H.  F. 

Moore;  L.  G.  Parker;  E.  J.  Townsend;  J.  M.  White;   (7).    Chicago: 

(Armour  Inst.)   W.  E.  Barrows,  Jr.;  R.  Bumham;  C.  E.  Freeman; 

L.  C.  Monin;   D.  P.  Moreton;    C.  E.  Paul;   A.  A.  Radtke;    H.  M. 

Raymond;    (8).       (Lewis  Inst.)   H.  E.  Cobb;   C.  E.  DePuy;   A.  W. 

Moseley;     (3).        (University    of    Chicago)     C.    Kinsley.        (City) 

B.  J.  Arnold;  0.  Bates;  A.  Bement;  G.  il.  Brill;  W.  M.  Camp; 
0.  Chanute;  A.  8.  Hibbard;  G.  T.  Horton;  R.  Modjeski;  G.  E. 
Rowe;  W.  D.  Taylor;  (11).  Decatur:  H.  E.  Smith.  Evanston: 
O.  H.  Basquin;  A.  W.  Harris;  (2).  Peoria:  F.  Bishop;  F.  H. 
Evans;  (2).  Urbana:  L.  P.  Breckenridge ;  J.  P.  Brooks;  M. 
Brooks;  F.  O.  Dufour;  W.  V.  Dunkin;  M.  L.  Enger;  J.  H. 
Gill;  G.  A.  Goodenough;  W.  F.  M.  Goss;  C.  T.  Knipp;  0.  A. 
Leutwiler;    C.   W.  Malcolm;    N.  C.  Ricker;   E.   C.   Schmidt;   R.   B. 

(liii) 
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Slippy;  A.  X.  Talbot;   J.  C.  Thorpe;    (17  +  7  =  24  in  University 

of  111.). 
Indiana.— Lafayette:  C.  H.  Benjamin;  A.  W.  Cole;  S.  Coulter;  L.  E. 

Endsley;   J.  W.   Esterline;   H.  0.   Carman;   E.  L.   Hancock;    C.   F. 

Harding;    W.    K.    Hatt;    J.    D.    Hoffman;    A.    M.    Kenyon;    C.    H. 

Lawrance;    L.    V.    Ludy;    H.    T.    Plumb;    J.    H.    Ransom;    W.    P, 

Turner;   G.  A.  Young;    (17).       (City)    M.  Price.      Eichmond:   W. 

C.  McXown.     Terre  Haute:  M.  A.  Howe;  C.  L.  Mees;    (2). 
Iowa.— Ames:  S.  W.  Beyer;  F.  A.  Fish;  H.  C.  Ford;  A.  H.  Hoffman; 

A.    Marston;    W.    H.    Meeker;    A.    Shane;    L.    B.    Spinney;     (8). 

Charles    City:    0.    B.   Zimmerman.     Iowa    City:    P.    S.    Biegler; 

A.  H.  Ford;   F.  G.  Higbee;   B.  J.  Lambert;   W.  G.  Raymond;    (5). 

Mt.  Vernon:  S.  X.  Williams. 
Kansas.— Lawrence:   B.  J.  Dalton;   W.  C.  Hoad;  A.  K.  Hubbard;   F. 

0.  Manin;   J.  D.  Xewton;   H.  A.  Rice;   F.  Strong;   P.  F.  Walker; 

C.  M.  Young;    (9).      Manhattan:  E.  B.  McCormick. 
Kentucky.— Lexington:    F.  P.  Anderson;   C.  J.  Norwood;   A.  M.  Wil- 
son:   (3). 
Louisiana.— Baton  Eouge:  T.  W.  Atkinson;  A.  M.  Herget;    (2).  New 

Orleans:  D.  S.  Anderson;  W.  H.  Creighton;  W.  B.  Gregory;  H.  F. 

Rugan ;    ( 4 ) . 
Maine.— Brunswick:  H.  B.  Hastings.      Orono:  H.  S.  Boardman;  A.  C. 

Jewett:    (2). 
Massachusetts.— Amherst:  J.  E.  Ostrander.    Boston:   (Franklin  Union) 

W.  B.  Russell.      (Mass.  Inst.  Tech.)    C.  L.  Adams;   C.   F.  Allen; 

R.  D.  Bradbury;   C.  B.  Breed;   A.  E.  Burton;   H.  E.  Clifford;   H. 

G.  Crane;   C.  E.  Fuller;   N.  R.  George,  Jr.;  H.  W.  Hayward;   H. 

O.  Hofman;  J.  W.  Howard;   D.  C.  Jackson;  W.  H.  James;   W.  A. 

Johnston;    G.   Lanza;    R.   R.   Lawrence;    W.   H.   Lawrence;    G.    F. 

Loughlin;  A.  L.  Merrill:  L.  E.  Moore;  W.  E.  Mott;  J.  P.  Munroe; 

C.  L.  Norton;  A.  A.  Noyes;  C.  F.  Park;  C.  H.  Porter:  D.  Porter; 

R.  H.  Richards;  A.  G.  Robbins;   H.  L.  Seaver;   W.  T.  Sedg\vick; 

G.  C.  Shaad;   G.  F.  Swain;   G.  W.  Swett;   H.  P.  Talbot;   H.  W. 

Tyler;    S.  H.   Woodbridge;    (38).      (City)    H.  K.  Barrotcs;   C.  A. 

Chandler;    W.    B.    Snow;    C.    A.    Stone;    E.    S.    Webster;     (5). 

Cambridge:    C.   A.   Adams;    I.    N.   Hollis;    H.    J.   Hughes;    E.   V. 

Huntington;    L.   J.   Johnson;    F.   L.   Kennedy;   H.   L.   Smyth;    (7). 

Dorchester  Center:  J.  H.  Hawes.     Tufts  College:  G.  C.  Anthony; 

C.  D.   Bray;   C.  H.  Chase;   W.  L.  Hooper;   E.  H.  Rockwell;   C.  E. 

Stewart;    (C).     Worcester:    (Clark  College)    F.  B.  Williams.      (W. 

P.  L)    C.  M.  Allen;  A.  D.  Butterfield;   E.  A.  Engler;   H.  P.  Fair- 
field; A.  W.  French;  H.  C.  Ives;  C.  D.  Knight;  J.  0.  Phelon;  A. 

S.  Richey;  A.  L.  Smith;  H.  B.  Smith;    (11). 
Michigan.— Ann  Arbor:    J.  R.  Allen;   M.  E.   Cooley;    C.   S.   Denison; 

W.  S.  Hazelton;  W.  L.  Miggett;  J.  A.  Moyer;  H.  P.  Noble;  H.  C. 
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Sadler;     G.    S.    Williams;    C.    G.    Wrentmore;     A.    Ziwet;     (11). 
Caliunet:  J.  MacNaughton.     East  Lansing:   L.  L.  Appleyard;   W. 
Babcock;  E.  X.  Bates;  G.  W.  Bissell;  W.  L.  Lodge;  J.  A.  Poison; 
A.  R.  Sawyer;  H.  K.  Vedder;  W.  B.  Wendt;  V.  T.  Wilson;    (10). 
Houghton:    L.    S.    Austin;    G.    L.    Christensen;    D.    Copeland;    J. 
Fisher,   Jr.;    E.    D.   Grant;    O.    P.   Hood;    F.    W.   McXair;    F.   W. 
Sperr;    (8).     Ishpeming:  M.  M.  Duncan.     Marquette:  J.  M.  Long- 
year.    Painesdale:  F.  TF.  Denton.    Vulcan:  TT'.  Kelly.    St.  Joseph: 
A.  Songe.    Lapeer:  F.  Morley. 
Minnesota.— Minneapolis:  F.  H.  Bass;  W.  E.  Brooke;  E.  H.  Comstock; 
F.  H.  Constant;   H.  T.  Eddy;   J.  J.  Flather;   G.  B.   Frankforter; 
H.  D.  Frary;  B.  F,  Groat;  A.  E.  Haynes;  O.  Hovda;  F.  S.  Jones; 
W.  H.  Kavanaugh;   J.  V.  Martenis;   B.  L.  Newkirk;   G.  D.   Shep- 
ardson;  S.  C.  Shipley;  C.  F.  Shoop;  F.  W.  Springer;  A.  Zeleny;  (20). 
Mississippi.— University:  W.  H.  Drane;  A.  Hume;  J.  W.  Johnson;   (3). 
Missouri.— Columbia:   L.  M.  Defoe;   H.  W.  Hibbard;  A.  L.  Hyde;   W. 
A.  Miller;    T.   J.  Rodhouse;    H.   B.   Shaw;    F.   P.   Spalding;   A.   L. 
Westcott;    (8).    Kansas  City:    (M.  T.  H.  S.)   J.  M.  Kent.     (City) 
J.  L.  Harrington ;  I.  G.  Hedrick;  A.  Maitland,  Jr.;  W.  K.  Palmer; 
J.  A.  L.  Waddell;   (5).     EoUa:  E.  G.  Harris;  G.  E.  Ladd;  A.  L. 
McRae;    (3).      St.  Louis:    (High  School)   S.H.Moore.      (Washing- 
ton Univ.)   A.  S.  Langsdorf;  E.  L.  Ohle;  J.  L.  Van  Omum;  F.  H. 
Vose;  C.  A.  Waldo;  C.  M.  Woodward;   (6).      (City)   TF.  H.  Bixby; 
R.  B.  Brinsmade;    (2). 
Montana.— Bozeman:  E.  T.  Tannatt;  J.  A.  Thaler;    (2). 
Nebraska.— Lincoln:   G.  R.  Chatburn;  E.  W.  Davis;  G.  H.  Morse;   C. 
R.  Richards;   T.  B.  Sears;   O.  V.  P.  Stout;    (6).     Luning:   A.  N. 
Clark.    Reno:  J.  G.  Scrugham;  J.  E.  Stubbs;    (2). 
New  Hampshire.— Durham:  A.  F.  Xesbit;  C.  H.  Pettee;  (2).    Hanover: 

R.  Fletcher;  J.  V.  Hazen;  C.  A.  Holden;  (3). 
New  Jersey.— East  Orange:  N.  C.  Grover.  Hoboken:  (Stevens)  J.  E. 
Denton;  F.  D.  Furman;  A.  F.  Ganz;  C.  0.  Gunther;  A.  C. 
Humphreys;  C.  B.  LePage;  L.  A.  Martin,  Jr.;  J.  C.  Ostrup; 
F.  L.  Pryor;  A.  Riesenberger ;  W.  A.  Shoudy;  G.  V.  Wendell;  (12). 
(City)  J.  B.  Wehh.  Princeton:  H.  S.  S.  Smith.  New  Brunswick: 
R.  C.  H.  Heck;  R.  O.  Smith;  A.  A.  Titsworth;  (3).  Short  HiUs: 
J.  J.  Carty.  South  Orange:  C.  P.  Poole. 
New   Mexico.— Albuquerque:    C.   B.   Gibbons.     Agricultural    College: 

W.  F.  Schaphorst. 
New  York.— Albany:  A.  D.  Dean;  H.  A.  Gehring;  (2).  Brooklyn: 
(Polytechnic  Inst.)  F.  W.  Atkinson;  W.  D.  Ennis;  S.  Sheldon; 
C.  M.  SpoflFord;  (4).  (Pratt  Inst.)  W.  A.  Ballou;  S.  S.  Edmands; 
J.  M.  Jameson;  W.  J.  Kaup;  E.  H.  Koch,  Jr.;  E.  J.  Kunze;  M. 
C.    Maxwell;    J.    H.    Morecroft;    C.    M.   Pratt;   F.   B.    Pratt;   A. 
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Rogers;  A.  W.  Smith;  E.  F.  Stevens;  W.  H.  Timbie;  A.  L.  Willis- 
ton;    (15).     Tort  Plain:   J.  D.  Williams;  Ithaca:    F.  A.   Barnes; 

S.  L.  Boothrovd;  R.  C.  Carpenter;  C.  L.  CrandaU;   E.  E.  Haskell; 

H.    S.   Jacobr;    G.   S.   Macomber;    D.   A.   Molitor;    H.   H.   Xorris; 

F.  J.  Seerr;    (10).     New  York:    (Columbia  Univ.)    F.  B.  Abbott; 

A.  Black;  W.  H.  Burr;  F.  A.  Goetze;  C.  E.  Lucke;  C.  E.  Morrison; 

H.  S.  Monroe;  M.  I.  Pupin;   W.  Rautenstrauch;   G.  F.  Sever;   C. 

W.  Thomas;    (11).     (Cooper  Union)  A.  Ball;  H.  C.  Enders;  F.  M. 

Hartmann;  C.  R.  Richards;  E.  R.  Storm;    (5).     (Mechanics  Inst.) 

L.  Rouillion.      (N.  Y.  Univ.)    A.  Haring;   C.  E.  Houghton;   C.  H. 

Snow;    (3h      (City)    M.  R.  Bump;  E.  CaJdicell;  E.  L.  Corthell; 

H.  L.   Doherty;  L.  Duncan;  E.   S.  Faricell;   G.  E.   Frost;   H.  P. 

Gillette;  F.  A.  Halsey;  D.  S.  Jacobus;  B.  Jones,  Jr.;  C.  Eirchhoff; 

M.  ilerriman;  D.  E.  iloran;  F.  W.  Parsons;  D.  L.  Turner;  J.  C. 

Wait;  J.  F.  Wallace;  G.  C.  Whipple;  W.  0.  Wiley;  (20).    Potsdam: 

W.  S.  Aldrich;  B.  B.  Brackett;  W.  M.  Towle;  S.  M.  Turrill;  W.  A. 

Yerzler;    (5).     Schenectady:    O.    J.    Ferguson;    W.   A.    Garrison; 

J.   W.  Hughes;    0.   H.   Landreth;    0.   F.   Von  Voigtlander;    D.   A. 

Young;    (6).     Syracuse:    R.  A.   Porter.      (City)    ./.   H.   Barr;   W. 

Kent;    (2).     Troy:    A.   M.   Greene,   Jr.;    G.    S.   Thompson;    E.   A. 

Touceda;    (3).     Wellsville:    C.   T.  Kerr.     Yonkers:   J.   S.  Brown; 

J.  E.  Wadsworth;    {2K 
North  Carolina.— Chapel  Hill:  A.  H.  Patterson.    West  Ealeigh:  W.  H. 

Browne.  Jr. 
North  Dakota.— Agricoltoral  College:   E.  H.   Sloctim.     Grand  Forks: 

E.  J.  Babcock;  A.  J.  Becker:  E.  F.  Chandler;  C.  H.  Crouch;    (4). 
Ohio.— Ada:   T.  J.   Smull,  Jr.     Cincinnati:   F.  E.  Aver;   J.  T.   Faig; 

A.  L.  Jenkins;  H.  Schneider;  S.  E.  Slocum;  (5).  (City)  H.  T. 
Eddy;  J.  B.  Stanwood;  A.  G.  Wessling;  (3).  Cleveland:  (Case 
School)  F.  M.  Comstock;  H.  B.  Dates;  R.  G.  Dukes;  R.  H.  Femald; 
T.  M.  Focke;  C.  g.  Howe;  C.  F.  Mabery;  D.  C.  Miller;  F.  H. 
XeflF;  C.  E.  Reid;  A.  W.  Smith;  J.  M.  Telleen;  D.  T.  Wilson;  A. 
S.  Wright;  (14).  (Tech.  H.  S.)  R.  L.  Short.  (City)  F.  W. 
Ballard;  H.  M.  Lane;  G.  Smart;  (3).  Columbus:  (O.  S.  U.) 
R.  D.   Bohannan;   J.   E.  Boyd;   J.  N.  Bradford;    F.   C.   Caldwell; 

F.  H.  Eno;  T.  E.  French;  E.  A.  Hitchcock;  J.  H.  Hunt;  H.  Judd; 
W.  A.  Knight;  N.  W.  Lord;  W.  T.  Magruder;  C.  T.  Morris;  E. 
Orton,  Jr.;  F.  A.  Ray;  S.  W.  Robinson;  R.  Rogers;  F.  E.  Sanborn; 
C.  E.  Sherman;  W.  0.  Thompson;  K.  B.  Ward;  J.  R.  Withrow; 
(22).    Dayton:  R.  S.  King.    Delaware:  W.  G.  Homell.    Granville: 

B.  E.  Trask. 

Oklahoma.— Wilburton:   G.  E.  Ladd. 

Oregon.— Corvallis:    G.  A.   Covell.     Eugene:    F.   G.   Frink.     Medford: 
W.  J.  Roberts. 
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Permylvania.— Altoona:  C.  B.  Dudley.  Easton:  J.  M.  Porter.  Haver- 
ford:   L.  H.  Rittenhouse.     Lewisburg:   C.  A.  Lindemann.     Media: 

L.  M.  Arklev.     PMladelphia:    (Central  M.  T.  H.  S.)   L.  F.  Rondi- 

nella.      (Drexel  Inst.)   A.  J.  Rowland;  E.  B.  Smith;    (2).      (Univ. 

of  Pa.)  H.  B.  Evans;  E.  L.  Ingram;  E.  Marburg;  H.  W.  Spangler; 

J.  V.  Stanford;    (5).      (City)    ±.  IT.  Ayer ;  A.  T.  Bruegel;  L.  M. 

Haupt;   T.   Olsen;    (4).   Pittsburg:    (Carnegie   Tech.    Sch.)    C.   B. 

Connelley;   F.  E.  Foss;   A.  A.  Hamerschlag;    C.  C.  Leeds;   J.   H. 

Leete;  N".  C.  Riggs;    (6).     (Univ.  of  Pittsburg)   M.  E.  Wadsworth. 

(Western   Univ.    of   Pa.)    A.    E.    Frost.      (City)    D.    Carhart;   A. 

Kingsbury;    C.    F.    Scott;    (3).      Scranton:    J.    J.    Clark;    E.    H. 

Powell;     (2).      (City)    H.   H.    Stoek.      Soutb   Bethlehem:    H.    S. 

Drinker;  W.  Esty;  W.  S.  Franklin;  A.  W.  Klein;  P.  A.  Lambert; 

F.    P.    McKibben;    C.    L.    Thornburg;     (7).    State    College:    L.    F. 

Adams;    W.   S.   Ayars;    H.   Diemer;    H.   V.   Egbert;    B.    G.    Fogg; 

S.    D.    Fowler;    J.    P.    Jackson;    C.    P.    Linville;    G.    E.    Munroe; 

R.    E.   Myers;    H.    B.    Shattuck;    E.    E.    Sparks;    E.    D.    Walker; 

E.  L.  Waterman;  R.  I.  Webber;  A.  J.  Wood;    (16).    Wilkinsburg: 

H.  W.  Brou:n;  C.  R.  Dooley;    (2). 
Ehode  Island.— Providence:   A.   H.   Blanchard;    J.  A.   Brooks;    H.   B. 

Drowne;   J.  E.   Hill;    W.  H.   Kenerson;    T.  M.   Phetteplace;    O.  E. 

Randall;    (7). 
South  Carolina.— Clemson  College:   W.  M.  Riggs.      Charleston:   R.  G. 

Thomas. 
South    Dakota.— Brookings:    H.    B.    Mathews;    H.    C.    Solberg;     (2). 

Vermillion:  A.  B.  McDaniel. 
Tennessee.— Knoxville:    B.  Ayres;    W.   W.   Carson;    R.   C.   Matthews; 

(3).     (City)  F.  R.  Jones.    Memphis:  L.  G.  Tan  Xess.     Nashville: 

W.  H.  Schuerman.     Sewanee:  S.  M.  Barton. 
Texas.— Austin:    H.   Y.    Benedict;    A.    C.    Scott;    T.    U.    Taylor;     (3). 

Beaumont:   A.   C.  Love.     College   Station:    N.  H.   Brown;    E.   J. 

Fermier;  F.  E.  Giesecke;  J.  C.  Nagle;  C.  Puryear;    (5). 
Utah.— Logan:  J.  Jenson.    Provo:  P.  2V.  Sunn.    Salt  Lake  City:  W.  C. 

Ebaugh;  R.  R.  Lyman;  J.  F.  Merrill;    (3).      (City)    G.  M.  Bacon. 
Vermont.— Burlington:  J.  W.  Elliott;  W.  H.  Freedman;  C.  H.  Pierce; 

E.  Robinson;  E.  Thomas;  J.  W.  Votey;   (6). 

Virginia.— Blacksburg:  J.  S.  Johnson:  L.  S.  Randolph;  (2).  Lexing- 
ton: E.  W.  Nichols.    Miller  School:  S.  Tompkins. 

Wahington.— Seattle:  C.  E.  Fowler;  A.  H.  Fuller;  G.  I.  Gavett;  E. 
Haviland,  Jr.;  C.  E.  Magnusson;  E.  J.  McCaustland;  C.  C.  More; 

F.  A.  Osbom;    (8). 

West  Virginia.- Morgantown:  W.  H.  Boughton;   F.  L.  Emory;   C.  R. 

Jones;  F.  L.  Kortright;    (4). 
Wisconsin.— Madison:    M.  C.   Beebe;   C.  F.  Burgess;    J.  G.   D.   Mack; 

E.  R.  Maurer;   D.  W.  Mead;   A.  V.  Millar;   E.  B.  Norris;   W.  D. 
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Pence;  J.  D.  Phillips;  L.  E.  Reber;  A.  \V.  Richter;  J.  \V.  Shuster; 
C.  S.  Slichter;  L.  S.  Smith;  C.  C.  Thomas;  F.  E.  Tumeaure; 
C.  R.  Van  Hise;  J.  H.  Vosskuehler;  (18).  (City)  J.  T.  Attcood. 
Milwaukee:  G.  H.  Benzenberg;  (Sch.  of  Trades)  C.  F.  Perry. 
Platteville:  R.  B.  Brinsmade. 

Australia.— Melbourne:  E.  Mead.  Sydney,  N.  S.  W.:  S.  H.  Barra- 
clough. 

Canada.— Montreal,  Quebec:  H.  T.  Bovey;  R.  B.  Owens;  J.  B.  Porter; 
(3).  Toronto,  Ontario:  (Sch.  of  Practical  Sci.)  T.  R.  Rosebrugh; 
L.  B.  Stewart;  (2).  (Univ.  of  Toronto)  J.  Galbraith;  P.  Gil- 
lespie;   (2).     Winnepeg,  Manitoba:  E.  E.  Brydone-Jack.     • 

England.— Sheffield:   W.  Swift. 

Germany.     F.  E.  Tisdel 

Italy.— Florence:  T.  C.  Mendenhall. 

Mexico.— Zamora:  W.  D.  Appleton. 

New  Brunswick.— Fredericton:  E.  A.  Stone. 

Nova  Scotia.— Halifax:  F.  H.  Sexton. 

Philippine  Islands.— Manila:  F.  A.  Dalburg;  E.  L.  Lundgren;   (2). 


GEOGRAPHICAL    SUMMARY    OF    MEMBERS. 


Alabama    9 

Arizona   2 

Arkansas  4 

California    8 

Colorado   14 

Connecticut 11 

Delaware 2 

District  of  Columbia  8 

Florida    2 

Georgia   1 

Idaho 3 

Illinois 52 

Indiana   22 

Iowa 15 

Kansas 10 

Kentucky 3 

Louisiana    6 

Maine 3 

Massachusetts  ....  71 


Michigan   36 

Minnesota   20 

Mississippi   3 

Missouri    26 

Montana    2 

Nebraska 6 

Nevada  3 

New  Hampshire  ..     5 

New  Jersey 20 

New  Mexico 2 

New  York 91 

North  Carolina   . .     2 
North  Dakota    ...      5 

Ohio  52 

Oklahoma    1 

Oregon  3 

Pennsylvania    ....   54 

Rhode  Island 8 

South  Carolina    .  .     2 


South  Dakota    ...  4 

Tennessee    7 

Texas  9 

Utah 6 

Vermont    6 

Virginia 4 

Washington 8 

West  Virginia   ...  4 

Wisconsin   22 

Australia    2 

Canada  8 

England 1 

Germany 1 

Italy 1 

Mexico  1 

New  Brunswick  ..  I 

Nova  Scotia  1 

Philippine  Islands  2 

Total    675 


INSTITUTIONS   REPRESENTED.  Hx 

INSTITUTIONS    REPRESENTED. 

Members 

1907  1908 

Massachusetts  Institute  of  Technology 21  37 

University  of  Illinois 18  24 

Ohio  State  University 20  22 

University  of  Minnesota 14  20 

University  of  Wisconsin IG  18 

Purdue  University    16  17 

The  Pennsylvania  State  College 10  16 

Pratt  Institute    5  15 

Case  fechool  of  Applied  Science 11  14 

Stevens  Institute  of  Technology 6  12 

Cornell  University    10  11 

Worcester  Polytechnic  Institute 11  11 

Yale  University 2  11 

Columbia  University    12  10 

Michigan  Agricultural  College 3  10 

University  of  Kansas   2  10 

University  of  Michigan 9  10 

Michigan  College  of  Mines 9  9 

Armour  Institute  of  Technology 5  8 

Brown  University   6  8 

University  of  Missouri 5  8 

Harvard  University 6  7 

Iowa  State  College 6  7 

Lehigh  University  6  7 

University  of   Washington 7  7 

State  University  of  Iowa 6  6 

Union  University 3  6 

Alabama  Polytechnic  Institute 4  6 

Carnegie  Technical  Schools 4  6 

Tuft's  College 3  6 

University  of  Colorado 5  6 

University  of  Nebraska 6  6 

University  of  Vermont 4  6 

Washington  University    3  6 

Agricultural  and  Mechanical  College  of  Texas 5  5 

Clarkson  School  of  Technology 3  5 

Cooper  Union  for  the  Advancement  of  Science 1  5 

University  of  Cincinnati 5  5 

University  of  Colorado 5  5 

University  of  Pennsylvania 3  5 

Colorado  State  Agricultural  College 2  4 

Leland  Stanford  Junior  University 4  4 

Polytechnic  Institute  of   Brooklyn 4  4 

Tulane  University   4  4 

University  of  North  Dakota 2  4 

University  of  West  Virginia 4  4 


Ix  INSTITUTIONS    REPRESENTED. 

Members 

1907  1908 

Colorado  School  of  Mines 3  3 

Lewis   Institute    1  3 

McGill  University  3  3 

New  York  University 1  3 

Rensselaer  Polytechnic  Institute 1  3 

Rose  Polytechnic  Institute 3  3 

Rutgers  College   1  3 

State  University  of  Kentucky 1  3 

Thayer  School  of  Civil  Engineering  of  Dartmouth  College 3  3 

University  of  Arkansas 3  3 

University  of  California 3  3 

University  of  Mississippi 3  3 

University  of  Tennessee 2  3 

University  of  Texas 3  3 

Bradley  Polytechnic  Institute 2  2 

Delaware  College  1  2 

Drexel  Institute 2  2 

George  Washington  University 2  2 

International  Correspondence  Schools 2  2 

Louisiana   State  University 1  2 

Missouri  School  of  Mines  and  Metallurgy 2  2 

Montana  College  of  Agriculture  and  Mechanic  Arts 1  2 

New  Hampshire  College  of  Agriculture  and  Mechanic  Arts 1  2 

Nevada  State  University 2  2 

North  Carolina  College  of  Agriculture  and  Mechanic  Arts 1  2 

Northwestern  University  1  2 

South  Dakota  Agricultural  College 2  2 

Toronto  School  of  Applied  Science 3  2 

University  of  Arizona 2  2 

University  of  Florida 2  2 

University  of  Idaho 0  2 

University  of  Maine 1  2 

University  of  Toronto 0  2 

University  of  Utah 0  2 

Virginia  Polytechnic  Institute 

Alabama  Girls'  Industrial  School 

Bowdoin  College    

Bucknell  University   

Carnegie  Institution   

Clark  College   

Clemsen  College  

Cleveland  High  School 

Colorado  College    

Cornell  College 

Denison  University   

Dorchester  High  School 

Earlham  College 
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Members 

1907      1908 

Franklin  Union   0 

Haverford  College   1 

James  Millikin  University 1 

Kansas  City  High  School 1 

Kansas  State  Agricultural  College 0 

Lafayette   College    1 

Massachusetts  Agricultural  College 1 

Milwaukee  School  of  Trades 0 

Miller  M.  L.  School   (Virginia) 0 

New  Mexico  College  of  Agriculture  and  Mechanic  Arts 0 

North  Georgia  Agricultural  College 1 

North  Dakota  Agricultural  College 1 

Nova  Scotia  Technical  College 0 

Ohio  Northern  University 0 

Ohio  Wesleyan  University 0 

Oklahoma  School  of  Mines  and  Metallurgy 0 

Oregon  Agricultural  College 0 

Philadelphia  Central  Manual  Training  High  School 1 

Princeton  University    1 

St.  Louis  McKinley  High  School 1 

South  Carolina  Military  Academy 1 

State  School  of  Mines  of  Utah 1 

Swarthmore  College    0 

Throop  Polytechnic  Institute 1 

United  States  Engineering  School 0 

University  of  Alabama 2 

University  College,  Shefl&eld,  England 1 

L'niversity  of  Chicago    1 

University  of  Idaho    0 

L'niversity  of  Manitoba    1 

University  of  Syracuse     1 

University  of  the  South    1 

University  of  Pittsburg   0 

University  of  North  Carolina 0 

University  of  South  Dakota 1 

University  of  Sydney   1 

University  of  New  Bmnswick   0 

University  of  New  Mexico   0 

University  of  Oregon    0 

University  of  Washington  0 

Vanderbilt  University    1 

Virginia  Military   Institute 0 

Washington  and  Lee  University 1 

Western  University  of  Pennsylvania 1 

Wisconsin   State  Mining  School 0 
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SUM]VL\Ry    BY    OCCUPATION. 


Classification  UKJ*; 

Architecture    3 

Biology    2 

Chemistry    3 

Civil  Engineering    82 

Deans  and  Directors  only 7 

Drawing    IG 

Electrical  Engineering   38 

Journalists    0 

Manual  Training  8 

Mathematics    36 

Mechanical  Engineering 69 

Mechanics    13 

Metallurgy 5 

Mining  Engineering 14 

Physics 13 

Presidents    20 

Shopwork    3 

Trade-school    1 

Unclassified  9 

Professors  who  are  also  Deans .  . . 

Total 342 


Teachers 

Practitioners 

1907 

1908 

1906 

1907 

1908 

3 

4 

1 

0 

0 

2 

2 

0 

0 

0 

8 

12 

2 

2 

2 

102 

130 

22 

34 

36 

11 

22 

0 

0 

0 

16 

27 

0 

0 

0 

47 

72 

9 

13 

15 

0 

0 

0 

9 

11 

4 

4 

0 

0 

0 

38 

56 

1 

2 

1 

81 

112 

17 

18 

19 

15 

23 

0 

0 

0 

6 

0 

0 

0 

14 

20 

7 

6 

6 

24 

38 

0 

0 

0 

15 

22 

0 

0 

1 

10 

12 

0 

0 

0 

5 

5 

0 

0 

0 

8 

14 

14 

10 

9 

(40) 

(41) 

409 

575 

73 

94 

100 

GENERAL    SU^tNLiRY. 

DiFFEBENT   iNSTrTUTIONS    REPRESENTED. 

Colleges  and  Universities  teaching  Engineering            i906  1907  1908 

Domestic    85  94  116 

Foreign    6  5  5 

Manual  Training,  High,  Correspondence,  and  Trade 

Schools  13  17  19 

Total  Institutions    104  116  140 

Teachers,  and,  in  many  cases,  also  practitioners. .  . .   342  409  575 

Practitioners,  not  teaching 73  94  100 

Total  Members 415  503  675 


DECEASED  m:em:bers. 


Name, 


WiLLiAii  A.  Anthony.  . . 
Geobge  W.  Athebton.  . . . 

VOLNET  G.  Babboub 

Chables  B.  Bbush 

SxoBii  Bull 

ECKLEY  B.  CoxE 

I'HOiiAS  M.  Deowx 

Fbancis  R.  Fava,  Jb 

estevan  a.  fuebtes .... 

Hexby  Fultox 

Hebbebt  G.  Geeb 

Lymax  TTat.t. 

Axbebt   H.    Hf.t.t.fk 

JOHX   B.  JOHXSOX 

RoDXEY  G.  Kimball 

BtJBTON  S.  Laxpheab 

Benjamin  F.  La  Rue 

C.    S.    ilAGOWAN 

Chables  P.  ^Iatthews  . . . 

Justus  M.  Silliman 

James  H.  Stanwood 

ROBEBT  H.  TnUBSTON 

Alphonse  N.  Van  Daell. 

John  R.  Wagneb 

Fbancis  a.  Walkeb 

HowABD  S.  Webb 

Xbxsgn  O.  Whitney 

James  R.  Willett 

De  Volson  Wood 


Yeab  of 
Election. 


1907 
1904 
J1894 
1893 
1893 
1894 
1895 
1894 
1894 
1894 
1894 
1904 
1903  , 

1893  . 

1894  . 

1897  . 
1899  . 

1896  . 

1898  . 
1894  . 
1894  . 

1893  . 

1897  . 

1894  . 

1896  . 

1897  . 
1893  . 
1896  . 
1893  . 


Date  of  Death. 


Memoib. 
Vol.  Page. 


May  29,  1908. 
July  24,  1906. 
June  4,  1901. 
June  3,  1897. 
November  18,  1907. 
!  May  13,  1895. 
'  November  16,  1904. 
'  March  28,  1896. 
January  16,  1903. 
December  6,  1901. 
March  7,  1900. 
August  16,   1905. 
February  20,  1906. 
June  23,  1902. 
April  25,  1900. 
October  14,  1904. 
December  22,  1903. 
November  14,  1907. 
November  23,  1907. 
April  15,  1896. 
May  24,  1896. 
October  25,  1903. 
March  28,  1899. 
January  21,  1899. 
January  5,  1897. 
June  12,  1905. 
March  17,  1901. 
May  9,  1907. 
June  27,  1897. 


XVI, 

XIV, 

IX, 

VII, 

XVI, 

VII, 

XII, 

VII, 

XI, 

X, 

VIII, 

XIV, 

XIV, 

X, 

X, 

XII, 

XII, 

XVI, 

XVI, 

VII, 

VII, 

XII, 

VII, 

VII, 

VII, 

XIV, 

IX, 

XV, 

V, 


292 
340 
181 

182 
244 
183 
372 
258 
371 
287 
290 
259 
261 
249 
243 


184 
185 
246 
186 
187 
188 
286 
339 
679 
325 
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PAST  OKFICERS 


Special   Committee  for  Division   E,   Engineering  Education,  World's 

Engineering    Congress,  1893 

IRA  O.  BAKER,  Chairman,  HENRY  T.  EDDY,  Vice-Chairman, 

W:M.  R.  HOAG,  Secretary,  C.  FRANK  ALLEN,  Sec'y,  pro  tern., 

MORTLMER  E.  COOLEY,  SAMUEL  W.  STRATTON, 

STORM   BULL.' 

PRESIDENTS 
DE  VOLSON  WOOD,*  1893-4,  FRANK  0.  AL^VIN,  1900-1, 

GEORGE  F.  SWAIN,  1894-5,  ROBERT  FLETCHER,  1901-2, 

ilANSFIELD  MERRIMAN,  1895-6,  CALVIN  M.  WOODWARD,  1902-3, 
HENRY  T.  EDDY,  1896-7,  C.  FRANK  ALLEN,  1903-4, 

JOHN  B.  JOHNSON,*  1897-8,  FRED  W.  McNAIR,  1904-5, 

THOS.  C  MENDENHALL,  1898-9,  CHARLES  L.  CRANDALL,  1905-6, 
IRA  0.  BAKER,  1899-1900,  DUGALD  C.  JACKSON,  1906-7, 

CHARLES  S.  HOWE,  1907-8. 

VICE-PRESIDENTS 
SAMUEL  B.  CHRISTY,  GEORGE  F.  SWAIN,   1893-4, 
ROBERT  H.  THURSTON,*  FRANK  0.  IVLARVEN,   1894-5, 
FRANTi  0.  MARVIN,  CADY  STALE Y,   1895-6, 
JOHN  GALBRAITH,  JOHN  M.  ORDWAY,  1896-7, 
THO^LiS  C.  MENDENHALL,  HARRY  W.  TYLER,  1897-8, 
C.  FRANK  ALLEN,  HENTIY  W.  SPANGLER,   1898-9, 
ROBERT  FLETCHER,  CHARLES  D.  MARX,   1899-1900, 
THOilAS  GRAY,*  ALBERT  KINGSBURY,   1900-1, 
STORM  BULL,*   CALVIN  M.   WOODWARD,   1901-2, 
JOHN  J.  FEATHER,  FRED  W.  McNAIR,  1902-3, 
CHARLES  L.  CRANDALL,  JAMES  C.  NAGLE,  1903-4, 
CLEMENT  R.  JONES,  ELWOOD  MEAD,  1904-5, 
WILLIAM  T.  IVLiGRUDER,  JOHN  P.  JACKSON,  1905-6, 
ROLLA  C.  CARPENTER,  CHARLES  S.  HOWE,  1906-7, 
CLARENCE  A.  WALDO,  WILLIAM  G.  RAYMOND,  1907-8. 

TREASURERS 

STORM  BULL,*   1893-5,  ARTHUR  N.  TALBOT,   1902-4, 

JOHN  J.  FLATHER,   1895-9,  FRED.  P.  SPALDING,   1904-6, 

CLARENCE  A.  WALDO,  1899-1902,  ANSON  &LA.RSTON,   1906-7. 

SECRETARIES 
JOHN  B.  JOHNSON,*   1893-5,         HENRY  S.  JACOBY,  1900-2, 
C.  FRANK  ALLEN,  1895-7,  CLARENCE  A.  WALDO,   1902-4, 

ALBERT  KINGSBURY,  1897-9,       AULO  S.  KETCHUM,   1904-6, 
EDGAR  MARBURG,   1899-1900,       WILLIAM  T.  ALA.GRUDER,  1906-7. 

*  Deceased. 
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NlENiBERS  oiT  Previous  Councils 


Terms  of  OflB.ce  Expired  in  1894. 
M.  E.  CooLET,                   H.  T.  Eddy,  W.  F.  M.  Goss, 

W.  R.  HoAG,  S.  W.  RoBixsox,  H.  W.  Spa^gleb, 

R.  H.  Thtbstox/ 

Terms  of  Office  Expired  in  1895. 
H.  T,  BovET,                       W.  H.  BuEB,  0.  H.  La>-dbeth, 

AfAxsFTF.T.n  Meebiman,     W.  G.  Raymoxd.  G.  F.  Swain, 

De  Volsox  Wood.* 

Terms  of  Office  Expired  in  1896. 
I.  0.  Bakes,                      STOBii  Box,*  S.  B.  Chbisty, 

Joh:s^  Galbbatth,  J.  B.  Johnsox,*  F.  0.  Mabvix, 

C.  D.  :Mabx. 

Terms  of  Office  Expired  in  1897. 
H.  T.  Eddy,                       J.  J.  Flatheb,  J.  P.  Jackson. 

ALBEBT   EjXGSBXrBT,  L.    S.    RANDOLPH,  S.    W.    ROBINSON, 

R.  H.  Thubston.* 

Terms  of  Office  Expired  in  1898. 
C.  F.  Allen,                      C.  L.  !Mees,  Mansfield  ^Iebbiman, 

J.  M.  Obdway,  W.  G.  Raymond,  Cady  Staley, 

R.  S.  Woodvtabd. 

Terms  of  Office  Expired  in  1899. 
Abthttb  Beabdsley,          Robebt  Fletcheb,  John  Galbbaith, 

WTT.T.TA\f  Kent,  T.  C.  Mendenhall,        W.  H.  Schltibman, 

M.    E.    W.VDSWOETH. 

Terms  of  Office  Expired  in  1900. 
Stobji  Bnx.*                    L.  G.  Cabpenteb,  .-ilbebt  Kingsbuby, 

F.  0.  Mabntn,  R.  B.  Owens,  R.  L.  Sackett, 

R.  H.  Thubston.* 

Terms  of  Office  Expired  in  1901. 
T.  M.  Dbown,*                  M.  a.  Howe,  I.  X.  Hoixis, 

Gaetano  Lanza,  P.  C.  Ricketts,  R.  G.  Thomas, 

C.   M.   WOODWABD. 

Terms  of  Office  Expired  in  1902. 
Bbown  Aybes,                   G.  W.  Bissell,  J.  J.  Flatheb, 

W.  T.  Magbudeb,  F.  W.  McXaib,  J.  M.  Pobteb, 

A.  J.  Wood. 

Terms  of  Office  Expired  in  1903. 
C.  F.  Allen,                     D.  C.  Jackson,  N.  C.  Rickeb, 

J.  P.  Bbooks,  Edgab  Mabbubq,  a.  L.  Williston, 

J.  C.  Xagle. 

Terms  of  Office  Expired  in  1904. 
W.  F.  M.  Goss,                 Thomas  Gbay,*  D.  C.  Humphbeys, 

O.  H.  Lanbbeth,  W.  G.  Raymond,  L.  E.  Rebeb, 

L.  S.  Randolph. 


Ixvi  MEMBERS   OF    PREVIOUS   COUNCILS. 

Terms  of  Office  Expired  in   1905. 

W  M.  EsTY,  L.  J.  Johnson-,  ^^  .  M.  Towix, 

H.  S.  Jacobt,  Elwood  Mead.  J.  L.  Van  Obnttm, 

EUWAKD  Obton,  Jb. 

Terms  of  Office  Expired  in   1906. 

John  Galbbaith,  Chables  S.  How-e,         Walteb  M.  Riggs, 

Fbedebick  p.  Spalding,   Henby  W.  Spangleb,     Feed.  E.  TrsN-EArBE, 
IIebman  K.  Veddeb. 

Terms  of  Office  Expired  in   1907. 

Thomas  Grat,*  James  C.  Xagle.  Wii.t.tam  G.  Raymond, 

Louis  E.  Rebeb,  Abtuub  X.  Tai^bot,        Claeence  A.  Waldo, 

ROBEBT    S.    WOODWABD. 

Terms  of  Office  Expired  in  1908. 

VicTOB  C.  Aldebson,        ABTHt-B  H.  FoBD,  H.  P.  Talbot, 

Francis  C.  Caldwell,     Henby  S.  Mcnboe.         A.  L.  Williston, 
Fbedebick  W.  Spebb. 
•  Deceased. 


COKSTITUT  ION 


Society  for  the  Promotion  of  Engineering  Education 


1.  Name— This  organization  shall  be  called  the  Society  for 
THE  Promotion  of  Engineering  Education. 

2.  jNIembers— Members  of  the  Society  shall  be  those  persons 
who  occupy  or  have  occupied  responsible  positions  in  the  work 
of  engineering  instruction,  together  with  engineering  practi- 
tioners and  other  persons  interested  in  engineering  education. 

Honorary  Members  of  the  Society  shall  be  such  persons  as 
may  be  recommended  by  unanimous  vote  of  the  Council  after 
a  letter  ballot.  In  taking  this  ballot,  the  Secretary  is  directed 
to  close  the  polls  one  month  after  the  names  of  the  candidates 
are  sent  out.  Councilors  not  heard  from  will  be  counted  in 
favor  of  the  candidate.  Honorary  Members  shall  not  have  the 
right  to  vote,  shall  not  be  eligible  to  office,  and  shall  not  be 
required  to  pay  any  fees  or  dues. 

Any  Member  not  in  arrears  for  dues  may  become  a  Life 
Member  by  paying  Fifty  Dollars  into  the  Treasury  of  the 
Society  at  one  time. 

The  name  of  each  candidate  for  membership  shall  be  pro- 
posed in  writing  to  the  Council  by  tAvo  members  by  whom  he 
is  personally  known.  Such  name,  if  approved  by  the  Coun- 
cil, shall  be  voted  on  by  the  Society  at  the  annual  meeting,  a 
vote  of  three-fourths  of  those  present  being  required  to  elect ; 
or,  during  the  period  between  annual  meetings,  an  affirmative 
letter  ballot  of  three-fourths  of  those  members  of  the  Council 
whose  vote  reaches  the  Secretary  within  one  month  from  the 
time  of  sending  out  the  name  of  the  candidate  shall  elect. 
Such  letter  ballot  elections  shall  be  credited  to  the  previous 
annual  meeting  and  dues  will  date  from  that  time. 

(Ixvii) 


Ixviii  CONSTITUTION. 

3.  Officers— There  shall  be  a  President,  two  Vice-Presi- 
dents, a  Secretary  and  a  Treasurer,  each  to  hold  office  for  one 
year,  or  until  their  successors  have  been  elected  and  have 
qualified.  The  Officers  shall  be  elected  by  ballot  of  the  So- 
ciety at  the  annual  meeting:. 

4.  CouNCTL— The  Council  of  this  Society  shall  consist  of 
twenty-one  elective  members,  one-third  of  whom  shall  retire 
annually.  The  officers  and  the  Past  Presidents  of  the  Society 
shall  be  members  of  the  Council  ex-officiis. 

Any  member  of  this  Society  shall  be  eligible  to  election  to 
the  Council,  provided  that  not  more  than  one  elective  member 
shall  be  from  any  one  college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the 
Society  at  its  annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the 
Society,  pass  on  proposals  for  membership,  elect  candidates 
ad  interim,  attend  to  all  business  of  the  Society,  receive  and 
report  on  propositions  for  amendments  to  the  constitution, 
and  shall  have  power  to  fill  temporary*  vacancies  in  the  offices. 

The  President  of  the  Society  shall  be  Chairman  of  the 
Council,  and  the  Secretary  of  the  Society  shall  be  Secretary  of 
the  Council  and  shall  keep  the  minutes  of  its  meetings  and 
an  accurate  record  of  all  its  actions. 

When  votes  taken  by  letter  ballot  of  the  Council  shall  be  re- 
quired all  votes  which  reach  the  Secretary  within  one  month 
from  the  time  of  sending  out  the  ballots  shall  be  counted,  but 
votes  reaching  the  Secretary  later  than  the  time  here  specified 
shall  not  be  counted. 

5.  Nominating  Committee— The  Nominating  Committee 
shall  consist  of  the  Past  Presidents  and  the  seven  elective 
members  of  the  Council  retiring  the  following  year,  provided, 
however,  that  if,  of  this  committee,  the  number  in  attendance 
at  any  meeting  be  less  than  five,  the  President  shall  make  ap- 
pointments so  as  to  form  a  committee  of  five. 

6.  Fees  and  Dues— The  admission  fee,  which  shall  also  in- 
clude the  first  year's  dues,  shall  be  Three  Dollars  and  Fifty 
Cents  ($3.50),  and  the  annual  dues  thereafter  Three  Dollars 
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and  Fifty  Cents  ($3.50),  payable  at  the  time  of  the  annual 
meeting.  The  fiscal  year  shall  end  with  the  opening  of  the 
first  General  Session  of  the  Annual  Meeting.  Those  in  arrears 
more  than  one  year  shall  not  be  entitled  to  vote,  nor  to  receive 
copies  of  the  Proceedings,  and  such  members  shall  be  notified 
thereof  by  the  Secretary  one  month  previous  to  the  annual 
meeting.  Any  member  who  has  been  in  arrears  more  than  tsvo 
years  and  duly  notified  by  the  Secretary,  shall  be  dropped 
from  the  roll,  until  such  arrearages  are  paid. 

7.  Meetings— There  shall  be  a  regular  meeting  occurring  at 
the  time  and  place  of  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  or  of  some  one  of  the  Na- 
tion Engineering  Societies,  or  otherwise  as  the  Council  may 
determine. 

8.  Publications— The  Proceedings  of  the  Society,  and  such 
papers  or  abstracts  as  may  be  approved  by  the  Council,  shall 
be  published  as  soon  as  possible  after  each  annual  meeting. 

9.  Amendments— This  Constitution  may  be  amended  by  a 
two-thirds  vote  of  those  present  at  any  regular  meeting  of  the 
Society  provided  the  Amendment  shall  have  been  approved 
by  a  two-thirds  vote  of  the  Council  taken  by  letter  ballot. 


BY-LAWS  OF  THE  SOCIETY  AND  RULES 
GOVERNING  THE  COUNCIL. 

First.  The  Officers  of  the  Society  shall  constitute  a  Com- 
mittee to  arrange  for  the  annual  meeting  and  to  prepare  a 
program  for  the  same. 

Second.  The  President,  the  Secretary  and  the  Treasurer 
shall  constitute  an  Executive  Committee  which  shall  have 
charge  of  all  matters  relating  to  the  expenditure  of  money  of 
the  Society,  the  making  of  appropriations  for  Committees  and 
other  purposes,  the  making  of  contracts,  the  approval  of  bills, 
and  also  during  the  period  between  the  meetings  of  the  Coun- 
cil have  charge  of  other  business  affairs  of  the  Society. 
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Third.  Expenditures  of  money  may  be  made  only  in  ac- 
cordance vrith  a  definite  appropriation  or  direct  vote  of  the 
Executive  Committee  and  bills  shall  not  be  paid  by  the  Treas- 
urer until  they  have  been  approved  by  all  members  of  the 
Executive  Committee. 

Fourth.  Reading  of  papers  shall  be  limited  to  fifteen  min- 
utes each  or  to  such  other  time  as  may  be  designated  by  the 
Program  Committee,  and  abstracts  of  papers  of  about  three 
hundred  words  shall  be  printed  when  practicable,  and  distri- 
buted in  advance  to  the  members. 

Fifth.  The  time  occupied  by  each  person  in  the  discussion 
of  any  paper  shall  not  exceed  five  minutes. 

Sij:th.  The  President,  the  Secretary  and  the  retiring  Sec- 
retary shall  constitute  a  Publication  Committee,  of  which  the 
Secretary  shall  be  Chairman,  to  edit  and  have  charge  of  the 
publication  of  the  Proceedings  of  the  Society.  If  at  any  time 
there  be  no  retiring  Secretary  the  retiring  President  shall  be 
a  member  of  this  Committee. 

Seventh.  Additions  or  amendments  may  be  made  to  these 
By-Laws  on  recommendation  of  the  Council  by  a  two-thirds 
aflBrmative  vote  at  any  regular  meeting  of  the  Society. 


PUBLICATIONS. 

The  publications  of  the  Society  can  be  obtained  from  the 
Secretary.  The  current  issues  are  distributed  gratuitously  to 
members  in  good  standing.  The  price  of  the  bound  volumes 
of  the  Proceedings  is  $2.50  to  non-members,  $2.00  to  public 
libraries,  and  $1.50  to  members  for  their  own  libraries. 

Reprints  of  papers  may  be  ordered  when  the  paper  is  in 
type  form,  and  either  with  or  without  covers,  at  a  price  de- 
pending upon  the  number  of  pages  and  copies  desired. 


Peooeedi:^gs. 


Detroit   Meeting. 
June  24  to  June  27,  1908. 


The  sixteenth  annual  meeting  of  the  Society  for 
the  Promotion  of  Engineering  Education  was  held 
in  conjunction  with  the  annual  spring  meeting  of  the 
American  Society  of  Mechanical  Engineers  in  Hotel 
Cadillac,  Detroit,  Michigan,  during  the  week  of  June 
22  to  June  27,  1908,  and  was  one  of  the  most  success- 
ful and  most  largely  attended  conventions  the  So- 
ciety has  ever  held. 


Wednesday,   June  24. 


afternoon   session. 


The  meeting  was  called  to  order  on  Wednesday 
afternoon,  June  24,  with  Vice-President  William  G. 
Raymond,  dean  of  the  College  of  Engineering  of 
the  State  University  of  Iowa  in  the  chair.  The 
meeting  was  opened  by  an  address  of  welcome  from 
the  mayor  of  the  city  of  Detroit,  and  a  response  by 
the  vice-president.  The  report  of  the  secretary  was 
then  read  and  accepted  and  the  report  of  the  treas- 
urer was  read  and  was  referred  by  the  chairman  to 
an  auditing  committee  consisting  of  Professor  Dugald 
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C.  JacksoD,  Professor  Landreth  and  Professor  Hood. 
Following  this  Professor  Dugald  C.  Jackson  pre- 
sented the  Report  of  the  Joint  Committee  on  Engi- 
neering Education  created  at  the  meeting  of  1907  by 
a  resolution  inviting  the  American  Society  of  Civil 
Engineers,  the  American  Society  of  Mechanical  Engi- 
neers, the  American  Institute  of  Mining  Engineers, 
the  American  Institute  of  Electrical  Engineers  and 
the  American  Chemical  Society,  each  to  appoint  two 
representatives  to  join  with  three  representatives  of 
the  Society  for  the  Promotion  of  Engineering  Educa- 
tion in  a  thorough  and  comprehensive  investigation 
of  undergraduate  and  graduate  courses  of  study 
leading  to  engineering,  and  the  relation  of  these 
courses  to  the  work  of  the  engineering  profession. 
At  the  close  of  the  report  the  following  resolutions 
were  offered,  seconded  and  carried. 

Weteeeas,  The  time  consumed  in  the  formation  and 
organization  of  the  Joint  Committee  on  Engineering 
Education  has  been  greater  than  was  expected,  and 

TVhereas,  The  work  of  this  committee  can  be 
greatly  facilitated  by  cooperation  with  The  Carnegie 
Foundation  for  the  Advancement  of  Teaching  and 
with  the  General  Education  Board,  be  it 

Resolved,  That  the  date  for  presentation  of  the 
final  report  of  the  Joint  Committee  on  Engineering 
Education  be  coincident  with  that  for  holding  the 
regular  annual  meeting  of  this  Society  in  1910,  and 
be  it  further 

Resolved,  That  the  action  of  said  committee  in  ex- 
tending an  invitation  of  membership  to  the  president 
of  the  Carnegie  Foundation  for  the  Advancement  of 
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Teaching  and  to  the  General  Education  Board  be  and 
hereby  is   approved.     Also 

Resolved,  That  the  Joint  Committee  is  authorized 
to  print  its  preliminary  report  at  once,  if,  in  its  judg- 
ment, so  doing  will  advance  the  interests  of  its  work. 

The  remainder  of  the  afternoon  session  was  de- 
voted to  the  reading  and  discussion  of  the  following 
papers:  -'The  Course  in  English  in  Technical 
Schools,"  by  Professor  Telleen;  ''The  Results  of  an 
Experiment  in  Teaching  Freshman  English,"  by 
Dean  Kent;  "A  Proposed  Course  in  General  Engi- 
neering," by  Hai-wood  Frost,  and  ••  Present  Curric- 
ula of  the  Mechanical  Engineering  Course."  by  Pro- 
fessor Magruder. 

EVENING    SESSION. 

On  Wednesday  evening  the  Society  listened  to  a 
most  charming  and  inspiring  lecture  on  "Contribu- 
tions of  Photography  to  our  Knowledge  of  Stellar 
Evolution,"  given  for  its  benefit  and  for  the  Ameri- 
can Society  of  Mechanical  Engineers  in  the  auditor- 
ium of  the  Young  Men's  Christian  Association  by 
Professor  John  A.  Brashear,  manufacturer  of  lenses 
and  astronomical  instruments,  scientist  and  educator, 
of  Allegheny,  Pa.  The  ladies  were  invited  to  attend 
this  lecture  and  all  gi-eatly  enjoyed  both  the  talk  and 
the  beautiful  photogi'aphs  of  the  heavens  and  neb- 
ulous stars  which  were  thrown  upon  the  screen. 


proceedings. 
Thubsday.  June  25. 


MORNING    SESSION. 

On  Thursday  morning  the  members  of  the  Society 
enjoyed  a  trip  as  guests  of  the  president  and  general 
manager  of  the  Great  Lakes  and  Engineering  Works 
to  their  shipyard  at  Ecorse  to  witness  the  launching 
of  the  10,5(X>-ton  steamer  "William  B.  Meachum." 
This  launching  was  of  special  interest  as  it  was  the 
first  time  that  many  of  the  members,  especially  those 
from  the  East,  had  ever  witnessed  the  "sideivise'' 
launching  of  a  vessel,  as  is  the  custom  on  the  Great 
Lakes,  as  distinct  from  the  usual  "end-on"  method 
which  is  customary  on  the  Atlantic  coast. 

AFTERNOON    SESSION. 

The  committee  appointed  to  audit  the  Treasurer's 
report  submitted  the  following  report. 

Report  of  Auditing  Committee. 

Detroit,  June  24.  1908. 
Society  for  the  Promotion  of 
Enghceering  Education. 

Gentlemen:  Your  Committee  appointed  to  audit  the  ac- 
counts of  the  Treasurer  for  the  past  year  respectfully  report 
that  they  have  examined  the  accounts  and  vouchers  of  the 
Treasurer  and  have  found  them  to  be  correct  as  reported. 

DuGALD  C.  Jackson. 
Olin  H.  Landreth. 
OzNi  P.  Hood. 

Upon  motion  the  report  of  the  Auditing  Committee 
and  the  reix)rt  of  the  Treasurer  were  adopted. 
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The  vice-president,  Dean  Kapuond,  then  took  the 
chair  while  the  Society  listened  to  the  presidential 
address,  on  "The  Function  of  the  Engineer  in  the 
Conservation  of  the  Natural  Resources  of  the  Coun- 
try," by  President  Charles  S.  Howe,  President  of 
the  Case  School  of  Applied  Science.  At  the  close  of 
the  address  the  following  resolution  was  offered  and 
carried : 

Resolved,  That  the  council  be  requested  to  consider 
and  report  to  this  convention  the  advisability  of  the 
appointment  of  a  committee  which  shall  bring  to  the 
attention  of  our  membership  for  practical  action  the 
conservation  of  natural  resources  as  so  ably  pre- 
sented by  President  Howe's  address. 

The  remainder  of  the  session  was  devoted  to  the 
reading  and  the  discussion  of  the  following  papers: 
"The  Correlation  of  the  Courses  in  Engineering  Col- 
leges," by  Dean  Anthony;  "Adapting  Means  to  the 
End  in  Technical  Education,"  by  Mr.  Arthur  L. 
Rice;  "The  Place  of  Foreign  Languages  in  the 
School  of  Engineering,"  by  Professor  Wright; 
''Second  Degrees  for  Graduates  in  Engineering 
Courses,"  by  Dean  Goss;  and  "Scholasticisms  in 
Engineering    Education,"    by    Dean    J.    P.    Jackson. 

After  the  discussion  of  the  papers  it  was  moved 
that  a  committee  of  five  be  appointed  by  the  execu- 
tive committee  to  consider  and  report  to  the  Society 
upon  the  practicability  of  simplifying  the  character 
of  degrees  conferred  in  engineering. 

The  motion  was  carried. 
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EVENING    SESSION. 


The  members  of  the  Society  for  the  Promotion  of 
Engineering  Education  attended  as  guests  the  annual 
spring  reception  of  the  American  Society  of  Mechan- 
ical Engineers.  This  was  the  distinctively  social 
feature  of  the  meetings  and  was  largely  attended  by 
the  ladies  who  came  as  guests  of  the  members.  The 
reception  and  the  dancing  were  held  in  the  main  din- 
ing hall  on  the  second  floor  of  the  Hotel  Cadillac. 


Friday,  June  25. 
morning  session. 

The  following  resolution  was  recommended  by  the 
Council  and  was  adopted. 

Resolved,  That  the  widest  possible  circulation  of 
papers  read  or  presented  to  this  Society  is  desirable; 
that  in  all  cases  it  is  proper  for  the  secretary  or  the 
author  of  a  paper  to  allow  its  publication  at  any  time 
subsequent  to  its  presentation,  provided  in  every  case 
due  credit  be  given  to  this  Society. 

The  Committee  on  the  Revision  of  the  Constitu- 
tion reported  through  its  chairman,  Professor  Arthur 
L.  Williston,  that  the  amendments  to  the  constitution 
that  had  been  recently  submitted  to  the  Council  had 
])een  approved  by  it  by  letter  ballot  with  a  two  thirds 
affirmative  vote.  After  a  short  discussion  it  was 
moved  and  seconded  that  the  report  of  the  committee 
be  accepted,  and  that  the  proposed  constitution  as 
recommended  by  the  committee  and  by  the  Council 
be   adopted.     The  motion  was   unanimously   carried. 

The  remainder  of  the  session  was  devoted  to  the 
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reading  and  the  discussion  of  the  following  papers: 
''Hydraulic  Laboratories,  Their  Equipment,  Method 
of  Conducting  Work,  Their  Efficiency  as  a  Factor 
in  Engineering  Education,  Methods  of  Teaching 
Hydraulics,  Etc."  by  Professor  Mead;  "Electrical 
Laboratory  Equipment  and  Efficiency,"  by  Mr.  Ed- 
mands;  ''Cement  Laboratory  Practice,"  by  Professor 
Baker;  "How  Far  is  Pure  Thermodynamics  of 
Value  in  Preparing  Students  for  Handling  Mechan- 
ical Engineering  or  Heating  Problems'?"  by  Professor 
Wood;  "On  Entropy,"  by  Professor  Ennis;  "The 
Use  and  Abuse  of  Lantern  Slides,"  by  Professor 
Norris;  "The  Concentric  Method  in  Engineering 
Education,"  by  Professor  Karapetoff;  and  "Should 
an  Engineer  Be  Required  to  Hold  a  License,"  by 
Professor  Drane. 

AFTERNOON    AND    EVENING. 

The  members,  guests  and  ladies  were  invited  by  the 
Detroit  Local  Committee  to  a  delightful  afternoon 
and  evening  sail  on  the  Detroit  River.  They  left  on 
the  steamboat  "Britannia"  from  the  Detroit,  Belle 
Isle  and  Windsor  Ferry  dock,  at  the  foot  of  Wood- 
ward Avenue,  sailed  around  Belle  Isle,  thence  down 
the  river  to  Amherstburg  and  to  the  head  of  Lake 
Erie.  They  returned  by  way  of  Bois  Blanc  Island 
where  supper  was  served. 


Saturday,  June  27. 

morning  session. 
The  Committee  on  Industrial  Education  presented 
a  report  through   its   secretary.   Professor   Williston. 
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This  was  followed  by  the  reading  and  the  discussion 
of  the  following  papers:  "Two  Years  of  the  Coopera- 
tive Engineering  Courses,  University  of  Cincinnati," 
by  Professor  Schneider,  and  "The  Careers  of  Grad- 
uates in  Mechanical  Engineering,"  by  Professor 
Purman. 

The  Xominating  Committee  presented  the  follow- 
ing report. 

Report  of  the  Nominating  Committee  of  Officers  of  the 
Society  for  the  Promotion  of  Engineering  Edu- 
cation FOR  THE  Ensuing  Ye.vr  1908-1909. 

For  President :  Frederick  E.  Turneaure,  University  of  "Wis- 
consin, Madison,  "Wis. 

For  First  "\^ice-President :  Mortimer  E.  Cooley,  University 
of  Michigan,  Ann  Arbor,  Mich. 

For  Second  "V^ice-President :  Olin  H.  Landreth,  Union  Uni- 
versity'. Schenectady.  Xew  York. 

For  Secretary :  Arthur  L.  "Williston,  Pratt  Institute,  Brook- 
lyn, N.  Y. 

For  Treasurer :  William  0.  "Wiley,  43  Ea.st  19th  Street,  New- 
York  Citv',  N.  Y. 

For  Members  of  Council  to  Serve  Three  Years:  Le-ster  P. 
Breckenridge,  University  of  Illinois,  Urbana,  111. :  Thomas 
Gray,  Rose  Poh-technic  Insitute.  Terre  Haute.  Ind. ;  Lewis  J. 
Johnson,  Harvard  University.  Cambridge.  ^lass. :  "William 
T.  Magruder,  Ohio  State  University,  Columbus,  Ohio :  "Wil- 
liam G.  Rajnnond,  State  University  of  Iowa,  Iowa  City,  Iowa : 
Herman  Schneider.  University  of  Cincinnati,  Cincinnati, 
Ohio ;  Clarence  A.  "Waldo,  Purdue  University.  Lafayette,  Ind. 

Henry  T.  Eddy, 

Chairman. 

Upon  motion  the  report  of  the  committee  was 
adopted  and  the  secretary  was  instructed  to  cast  the 
unanimous  ballot  of  the   Society  for  the  gentlemen 
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nominated,    who    were    declared    the    duly    elected 
officers  of  the  Society  for  the  ensuing  year. 

The  Committee  on  Resolutions  presented  the  fol- 
lowing report. 

Report  of  Committee  on  ResolXjtions. 
The  Society  for  the  Promotion  of  Engineering  Education, 
recognizing  that  much  of  the  great  pleasure  and  profit  of 
the  sixteenth  annual  meeting  has  been  due  to  the  courtesy 
of  the  American  Society  of  Mechanical  Engineers  in  arrang- 
ing for  a  simultaneous  meeting  and  for  the  participation  of 
our  Society  in  the  very  liberal  entertainment  so  generously 
given  by  the  citizens  of  Detroit,  instructs  its  secretary  to 
cordially  thank  the  American  Society  of  Mechanical  Engi- 
neers for  its  courtesy  and  interest,  and  to  thank  the  Local 
Committee  of  Arrangements,  the  Great  Lakes  Engineering 
Works,  and  the  Detroit,  Belle  Isle  and  Windsor  Ferrj^  Com- 
pany whose  highly  successful  efforts  to  entertain  both  the 
Society  and  the  accompanying  ladies  have  been  thoroughly 
appreciated. 

William  6.  Raymond, 
Robert  Fletcher, 
OzNi  P.  Hood. 

Upon  motion  the  report  of  the  Committee  on  Reso- 
lutions was  adopted. 

The  president  appointed  to  fill  the  vacancy  on  the 
Committee  on  Industrial  Education,  caused  by  the 
resignation  of  Professor  Edgar  ^larburg,  Walter  B. 
Russell,   Director  of  Franklin  Union,   Boston,   Mass. 

Report  op  the  Secretary  1907-08. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 

Your  Secretary  is  glad  to  be  able  to  report  that  the  affairs 

of  the  Society  are  in  a  most  flourishing  condition.      There 

never  has  been  a  period  in  our  history,  I  think,  when  the 
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interest  in  the  work  of  the  Society  has  been  so  active  or  so 
general,  or  when  the  confidence  in  its  usefulness  has  been 
so  strong. 

The  increase  in  our  membership  both  last  year  and  this 
year,  beai-s  generous  testimony  to  these  facts  and  to  the 
growing  importance  of  our  work.  The  cordial  and  ready 
response  which  the  Secretary-  has  received  from  our  members 
and  the  many  expressions  of  appreciation  of  the  importance 
of  the  Society  as  an  influence  in  Engineering  Education,  and 
the  willingness  of  the  members  generally  to  do  their  share 
of  the  work  are  all  encouraging  facts  which  point  toward  a 
bright  future. 

At  the  Ithaca  meeting,  two  years  ago,  the  Secretary  reported 
415  members.  The  last  volume  of  the  Proceedings  shows 
503  names  on  the  list.  Since  July  1,  1907,  184  men  have 
made  application  for  membership.  Of  these,  94  have  been 
elected  to  membership  by  letter  ballots  of  the  Council,  taken 
on  March  17  and  April  28.  The  balance  remain  still  to  be 
acted  on  by  the  Council  and  the  Society  at  the  present  meeting. 

During  the  year  nine  resignations  have  been  received  and 
accepted  as  follows:  Harold  AY.  Brown.  Ir^-ing  A.  Colby, 
Andrew  E.  Foye.  Frederick  R.  Hutton.  Daniel  E.  Moran, 
Henry  S.  Pritchett.  Arthur  H.  Timmerman.  A.  X.  Johnson. 
Edson  R.  Wolcott. 

And  four  times  since  we  met  a  year  ago  death  has  entered 
our  ranks.  Charles  Scott  ]\IagoAvan.  professor  of  munici- 
pal and  sanitary  engineering.  College  of  Applied  Science, 
State  University  of  Iowa,  died  on  November  12.  1907. 
Storm  Bull,  professor  of  steam  engineering,  University  of 
Wisconsin,  died  on  November  18,  1907.  Charles  Philo 
Matthews,  professor  of  electrical  engineering  and  direc- 
tor of  the  electrical  laboratory  of  Purdue  University,  died 
at  Phoenix,  Ariz.,  November  23.  1907.  And  recently,  the 
Secretary  has  received  notice  of  the  death  of  V^m.  A.  An- 
thony, professor  of  physics  and  electricity  and  director  of 
physical  laboratories  at  Cooper  Union  for  the  Advancement 
of  Science  and  Art. 
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There  is  little  else  which  the  Secretarj^  needs  to  report  at 
the  present  time.  The  file  of  new  application  blanks  and  the 
program  for  the  present  meeting  constitute  the  principal 
report  of  the  year's  work.  The  program  for  the  meeting 
a  year  ago  was  a  very  full  one;  partly  by  way  of  variety 
therefore,  partly  because  of  our  joint  convention  with  the 
American  Society  of  Mechanical  Engineers,  and  partly  to 
recognize  the  fact  that  this  is  the  fifteenth  anniversary  of  the 
founding  of  the  Society,  it  seemed  wise  to  provide  on  the 
program  a  smaller  number  of  formal  papers  and  topics  for 
discussion  than  usual,  in  order  that  our  professional  sessions 
might  not  be  too  fatiguing,  and  to  introduce  into  the  program 
a  number  of  entertainment  features  which  it  is  hoped  will 
make  this  meeting  one  of  special  interest. 

In  closing,  the  Secretary  wishes  to  thank  all  of  the  officers 
of  the  Society  for  the  help  and  support  that  they  have  given 
him  during  the  year  in  every  possible  way,  and  to  express 
his  appreciation  of  the  cooperation  of  the  entire  membership. 
He  also  wishes  to  take  this  opportunity  to  place  upon  record 
his  conviction,  which  has  been  strengthened  by  the  year's 
experience,  of  the  value  and  great  worth  of  this  Society  to 
its  individual  membership  and  to  the  cause  for  which  it 
stands. 

The  record  of  our  professional  sessions,  printed  in  the  fif- 
teen volumes  of  our  Proceedings  is  a  most  creditable  one,  and 
each  year  the  value  of  our  Proceedings  is  becoming  greater: 
but  more  than  this,  to  the  individual  members  of  the  Society 
who  have  stayed  with  it  and  worked  for  it,  year  after  year, 
experience  has  proven  that  the  Society  has  been  a  broadening 
and  a  helpful  influence,  which  has  much  more  than  repaid 
them  for  the  interest  and  time  and  the  money  that  it  cost. 

Arthur  L.  Williston, 
Secretary. 

Treasurer's  Report,  1907-1908. 
To  the  Society  for  the  Promotion  of  Engineering  Education: 
The  Treasurer  would  respectfully  report  to  the  Society  the 
condition  of  its  finances,  as  follows: 
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SUMMARY  OF  RECEIPTS. 

Received  from  Professor  A.  ^larston.  retiring  Treas- 
urer. July  23,  1907 $1,496.27 

Current  due.s.  July  23.  1907,  to  June  15,  190S 1.458.00 

Back  dues 165.21 

Sale  of  reprints  to  authors 29.49 

Sale  of  Proceedings 112.90 

Interest  at  bank  and  collections  on  checks 4.66 

Total $3,266.53 

SUMMARY   OF   EXPENDITURES. 

Programs  and  badges  for  Cleveland  meeting $     28.37 

Fire  insurance  on  volumes  of  Proceedings 49.50 

Reporting  Cleveland  meeting 121.80 

For  Committee  on  Statistics 24.25 

Expenses  of  Retiring  Secretary,  Januarj-  1.  1907, 

to  July  1,  1907 370.91 

Expenses  of  Treasurer  for  stationery,  postage  and 

check  collections  68.87 

Expenses  of  Secretart*  for  stationary-  and  printing.  47.95 
New  Era  Printing  Company: 

For  Volume  XIV 598.12 

For  Lists  of  Members.  Author's  Reprints.  Ex- 

pressage,  etc.    (Volume  XIV.) 281.07 

For  Volume  XV.,  on  account 1.000.00 


Total  expenditures  $2,590.84 

Cash  on  hand,  June  15,  1908 675.69 

$3,266.53 

ASSETS. 

Cash  on  hand $    675.69 

Due  for  reprints.  Proceedings  and  membership. . .        512.85 

Total $1,188.54 

LIABIUTIES. 

Balance  due  New  Era  Printing  Company  for  print- 
ing Volume  XV $    418.90 
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Due  William  T.  Magnider,  retiring  secretary 82.4-4 

Due  for  printing,  stenographic  work,  clerical  help, 

stationary  and  postage 311.26 

$    812.60 
Net  surplus 375.94 

$1,188.54 

The  above  statement  of  assets  and  liabilities  does  not  in- 
clude the  amounts  due  the  Society  for  author's  reprints,  etc., 
on  Volume  XV..  which  will  probably  amount  to  about  $100, 
nor  does  it  include  the  honorarium  for  the  editor  of  Volume 
XV..  or  for  the  Secretary  for  1907-1908. 

It  may  be  of  interest  to  note  that  the  total  amount  of  un- 
paid dues  still  on  the  books  of  the  Treasurer  is  $372.  There 
are  in  all  86  members  who  owe  $3  each.  7  members  who  owe 
$6  each,  4  members  who  owe  $9  each,  and  3  membei's  who  owe 
$12  each.  The  number  of  members  who  owe  more  than  $3 
at  the  present  time  is  considerably  smaller  than  the  corre- 
sponding number  a  year  ago.  The  number  who  owe  but 
$3  is  considerable  greater,  caused  by  the  large  number  of 
new  members  who  have  been  elected  to  the  Society-  since 
January  1,  1908. 

Respectfully  submitted. 

"William  0.  VTiley. 

Treasurer. 

The  following  applicants  were  admitted  to  the  So- 
ciety between  July  1,  1907,  and  July  1,  1908. 

Elected  by  letter-ballot  March  17,  1908;  L.  F. 
Adams,  W.  D.  Appleton.  T.  W.  Atkinson,  G.  M. 
Bacon,  A.  J.  Becker,  E.  D.  Bradbury,  R.  B.  Brinsmade, 
J.  J.  Carty,  A.  X.  Clark,  E.  H.  Comstock,  F.  M.  Com- 
stock,  C.  H.  Crouch,  B.  G.  Fogg,  H.  C.  Ford,  C.  E. 
Fuller,  P.  Gillespie,  W.  C.  Hoad,  W.  G.  Hornell,  J.  W. 
Howard,  S.  E.  Button,  A.  C.  Jewett,  J.  S.  A.  Johnson, 
AV.  A.  Johnston,  R.  E.  Lawrence,  W.   H.  Lawrence, 
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C.  X.  Little,  G.  F.  Loughlin,  E.  L.  Luudgi-en,  A.  L. 
Merrill,  G.  E.  Monroe,  E.  B.  Norris,  C.  L.  Norton, 
C.  J.  Norwood,  A.  A.  Xoyes,  C.  E.  Paul,  C.  F.  Perry, 
C.  P.  Poole,  C.  M.  Pratt,  F.  B.  Pratt,  E.  H.  Rockwell, 
G.  C.  Shaad,  A.  Shane,  R.  0.  Smith,  A.  Songe,  G.  W. 
Swett,  E.  T.  Tannatt,  A.  L.  Thomas,  G.  S.  Thompson, 
F.  M.  Tisdel,  S.  Tompkins,  E.  A.  Touceda,  J.  C. 
Tracy,  B.  E.  Trask,  F.  H.  Vose,  E.  L.  Waterman,  E. 
Wheeler,  A.  M.  Wilson,  V.  T.  Wilson,  W.  A.  Yerzley. 
(59.) 

Elected  by  letter-ballot  April  28,  1908 :  L.  L.  Apple- 
yard,  F.  E.  Ayer,  B.  J.  Dalton,  H.  V.  Egbert,  M.  L. 
Enger,  S.  D.  Fowler,  R.  W.  Gay,  N.  R.  George,  Jr., 
C.  0.  Gunther,  A.  Haring,  R.  C.  H.  Heck,  J.  A. 
Holmes,  W.  L.  Hooper,  A.  K.  Hubbard,  H.  J.  Hughes, 
C.  W.  Malcolm,  A.  L.  McRae,  D.  P.  Moreton,  J.  C. 
Ostrup,  J.  A.  Poison,  A.  P.  Poorman,  C.  H.  Porter, 
H.  A.  Rice,  N.  C.  Riggs,  R.  B.  Slippy,  A.  W.  Smith, 
T.  J.  Smull,  Jr.,  C.  A.  Stone,  E.  A.  Stone,  P.  F. 
Walker,  E.  S.  Webster,  G.  V.  Wendell,  B.  X.  Wilson, 
A.  S.  Wright,  C.  M.  Young.     (35.) 

Elected  at  Detroit  Meeting:  L.  M.  Arkley,  J.  T. 
Atwood,  W.  Babcock,  A.  Ball,  W.  A.  Ballou,  W.  E. 
Barrows,  Jr.,  O.  H.  Basquin,  E.  X.  Bates,  A.  R. 
Bench,  P.  S.  Biegler,  S.  L.  Boothroyd,  R.  L.  Brown, 
A.  D.  Butterfield,  R.  A.  Chittenden,  H.  E.  Cobb, 
A.  W.  Cole,  G.  A.  Covell,  H.  G.  Crane,  F.  A.  Dalberg, 
C.  E.  DePuy,  H.  B.  Dirks,  H.  B.  Drowne,  W.  V. 
Dunkin,  W.  C.  Ebaugh,  J.  W.  Elliott,  H.  C.  Enders, 
H.  B.  Evans,  C.  S.  Farnham,  W.  H.  P.  Faunce,  0.  J. 
Ferguson,  H.  D.  Frar}-,  A.  E.  Frost,  W.  A.  Garrison, 
C.  B.  Gibbons,  C.  F.  Harding,  G.  A.  Harter,  F.  M. 
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Hartmaim,  H.  B.  Hastings,  H.  L.  Hodgkins,  0.  Hovda, 
C.  E.  Houghton,  J.  H.  Hunt,  L.  D.  Huntoon,  E.  L. 
Ingram,  A.  M.  Kenyon,  A.  W.  Klein,  C.  B.  LePage, 
E.  H.  Lockwood,  W.  L.  Lodge,  C.  A.  Lory,  K.  R. 
Lyman,  J.  V.  Martenis,  E.  C.  Matthews,  M.  C.  Max- 
well, E.  B.  McCormick,  D.  W.  Mead,  W.  A.  Miller, 
E.  Modjeski,  J.  H.  Morecroft,  B.  L.  Newkirk,  J.  D. 
Newton,  E.  W.  Nichols,  H.  P.  Noble,  H.  B.  North, 
E.  A.  Porter,  F.  L.  Pryor,  A.  Riesenberger,  J.  "W.  Roe, 
A.  Eogers,  E.  Eogers,  W.  F.  Schaphorst,  H.  L. 
Seaver,  F.  J.  Seery,  F.  H.  Sexton,  S.  C.  Shipley, 
P.  F.  Smith,  E.  E.  Sparks,  E.  F.  Stevens,  C.  E. 
Stewart,  E.  E.  Storm,  J.  M.  Telleen,  C.  C.  Thomas, 
E.  Thomas,  "W.  H.  Timbie,  0.  F.  von  Voigtlander, 
W.  B.  Wendt,  A.  L.  Westcott,  L.  P.  Wheeler,  D.  A. 
Young.      (90.) 

This  makes  a  total  of  184  new  members  to  be  ad- 
mitted to  the  Society  during  the  year. 

On  motion  the  meeting  adjourned  sine  die. 

The  records  show  that  103  persons  were  registered 
in  attendance  at  the  convention. 

Eespectfully  submitted, 

Arthue  L.  Williston, 
Secretary. 
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BY    ^LlYOR    THOMPSON', 
of  Detroit. 

Mr.  Chairman  and  Gentlemen  of  this  Convention: 
It  is  a  great  pleasure  to  be  here  this  afternoon— 
every  mayor  says  that  to  you,  I  suppose,  no  matter 
what  city  you  hold  your  conventions  in.  But  I  say 
it  with  sincerity,  because  it  has  been  very  seldom  dur- 
ing my  term  of  office  that  I  have  had  the  distinction 
of  welcoming  to  our  city  such  a  distinguished  dele- 
gation as  you  gentlemen  represent.  The  city  of 
Detroit  entertains  many  conventions  during  the  year. 
and  we  are  always  glad  to  have  visitors  come  and  see 
our  beautiful  city,  because  we  think  we  have  one  of 
the  finest  cities  in  the  world,  and  we  like  the  people 
to  know  our  city  and  talk  about  it.  On  behalf  of  the 
people  of  this  city.  I  extend  to  you  a  hearty  and  a 
sincere  welcome.  AVe  feel  honored  in  having  you 
gentlemen  in  our  midst,  and  the  city  is  proud  to  have 
you  hold  this  convention  here.  "We  want  you  to  en- 
joy yourselves,  we  want  you  to  have  a  good  time,  and 
we  know  the  country  at  large,  the  whole  United 
States  will  be  benefited  by  the  results  of  this  con- 
vention. 

I  had  the  pleasure,  last  evening,  of  welcoming  the 
Mechanical  Engineers  here  to  our  city  and  I  said  to 
them,  as  I  am  going  to  say  to  you,  that  the  country 
now  belongs  to  the  engineering  fraternity,  or,  I  might 
say,    to   the   teachers   of   the   engineering   fraternity. 

(16) 
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We  have  fought  our  battles  to  peace;  we  have  our 
Union;  we  have  one  flag.  "VVe  have  the  masters  of 
finance  handling  the  financial  interests  of  the  coun- 
try; we  have  the  miner  and  the  farmer  attending  to 
the  natural  resources,  but  it  is  now  up  to  the  engi- 
neers and  the  gentlemen  that  you  educate  to  go  on 
and  ornament  and  develop  this  country.  Fifty  years 
ago  no  one  could  imagine  what  this  day  would  bring 
forth,  and  I  do  not  suppose  anybody  here  present 
can  imagine  what  fifty  years  from  now  will  bring 
forth.  With  all  the  genius  that  you  gentlemen  have 
and  exert  on  your  pupils,  we  do  not  know  what  this 
world  is  coming  to. 

That  the  college  engineer  is  the  best,  nobody  can 
deny,  and  that  the  practical  man  would  be  far  more 
advanced  if  he  also  had  a  college  education,  not  only 
in  the  engineering  line  but  in  any  other  line.  It  was 
not  my  good  fortune  to  have  any  college  education, 
but  I  know  its  value  in  private  life  as  well  as  in  pub- 
lic life,  and  feel,  very  often,  the  necessity  of  such  an 
education. 

You  gentlemen  are  doing  a  noble  work.  I  imagine 
that  many  of  you  could  get,  perhaps,  double  or 
treble  your  salary  if  you  used  your  efforts  and 
genius  in  a  practical  way.  But  no!  You  have  se- 
cluded or  hidden  yourselves  in  your  universities  to 
teach  young  America  how  to  take  advantage  of  the 
different  inventions  and  ideas  that  you  are  teaching, 
and  we  are  proud  of  you.  You  deserve  great  credit. 
They  talk  to  you  about  war ;  they  talk  about  the  great 
generals;  I  want  to  say  that  you  are  the  great  gen- 
erals in  peace,  because  the  development  of  this  coun- 
try depends  upon  the  gentlemen  that  you  are  edu- 

(6) 
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eating  and  training.  Nothing  is  impossible  in  this 
day  and  generation,  with  the  class  of  engineers  that 
are  being  turned  out  in  your  colleges  and  univer- 
sities. They  annihilate  space  and  time;  they  take 
unproductive  material  and,  as  if  by  magic,  turn  it 
into  money,  and  several  other  things  in  that  line.  I 
am  not  familiar  with  your  business,  and  am  an  ordi- 
nary layman  speaking  from  the  knowledge  gleaned 
from  the  pai>ers  and  what  I  read  elsewhere. 

We  always  say  to  visitors  when  they  come  to  our 
city,  we  would  like  you  to  combine  pleasure  with 
business.  TVe  have  some  very  fine  mechanical  insti- 
tutions which  we  are  proud  of— our  automobile  fac- 
tories. I  have  no  doubt  you  have  received  invita- 
tions to  participate  in  some  of  the  functions  during 
the  week,  the  sinking  a  section  of  the  tunnel  to- 
morrow; the  launching  a  ship;  and  we  would  be 
pleased  to  have  you  participate  in  any  and  all  of  the 
pleasures  that  our  city  can  afford. 

Again,  on  behalf  of  the  people  of  the  city,  I  extend 
to  you  a  hearty  and  sincere  welcome :  I  hope  you  will 
have  a  successful  convention  and  I  hope  the  results 
will  be  beneficial  not  only  to  Detroit  but  the  whole 
United  States.     I  thank  you. 

Dean  Raymond:  Your  Honor,  it  is  not  often  that 
the  layman  appreciates  the  teacher.  We  are,  there- 
fore, particularly  grateful  to  you  not  only  for  your 
cordial  welcome,  but  for  your  acknowledgment  of 
the  fact  that  the  works  of  the  engineers  are  the 
works  of  the  teachers.  We  are  modest;  we  do  not 
claim  them  really  as  our  own  works;  they  are  the 
works  of  our  pupils,  but  we  rejoice  in  them  and  are 
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perfectly  delighted  when  some  one  from  the  outside 
does  give  to  us  a  little  of  the  credit.  ^Ye  therefore 
are  particularly  gi-ateful  to  you  for  this  acknowledg- 
ment, and  in  behalf  of  the  Society  I  beg  to  thank  vo'u 
for  your  cordial  welcome  to  this  city;  it  is  a  delight- 
ful city.  On  a  previous  occasion  I  had  the  pleasure 
of  visiting  it  with  the  American  Societv  of  Civil 
Engineers,  and  I  know  something  of  its*  beauty;  I 
shall  know  more  about  it  now  that  I  am  able  to  ac- 
cept of  your  hospitality. 


THE  FUNCTION  OF  THE  ENGINEER  IN  THE 
CONSERVATION  OF  THE  NATURAL  RE- 
SOURCES OF  THE  COUNTRY. 

BY    PRESIDENT    CHARLES    S.    HOWE, 
Case  School  of  Applied  Science  of  Cleveland,  Ohio. 

The  prosperity  of  a  country  depends  primarily 
upon  its  natural  resources.  The  raw  material  which 
the  farmer  and  the  manufacturer  use  and  the  prod- 
ucts of  which  furnish  business  for  the  merchant 
come  from  or  depend  upon  timber,  fuel,  minerals, 
soil,  water.  These  are  the  natural  resources  of 
any  country-,  and  as  they  exist  in  large  or  small 
quantities,  as  they  are  easy  of  access,  as  their  quality 
is  good  or  bad,  must  depend  the  agricultural  and 
industrial  prosperity  and  success  of  the  nation.  Some 
countries  have  large  supplies  of  one  or  more  of  these 
natural  products  and  a  few  are  blessed  with  them  all. 
This  country  is  especially  fortunate  in  that  it  has 
within  its  bounds  not  only  all  of  these  natural  re- 
sources, but  that  it  had  originally  large  quantities  of 
each  of  them  and  that  they  were  rich  in  quality  and 
easy  of  access.  "When  the  country  was  first  settled 
by  Europeans,  the  new  inhabitants  gave  little  thought 
to  the  question  of  natural  resources  except  in  so  far 
as  these  directly  concerned  their  daily  life.  They 
established  themselves  where  the  soil  was  rich  be- 
cause they  wished  to  pursue  agriculture  as  a  vocation, 
but  they  made  no  study  of  soils  further  than  this. 
Forests    were    regarded    as    an    encumbrance    to    be 

(20) 
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cleared  away  as  soon  as  possible  for  they  interfered 
with  agriculture,  which  was  the  chief  business,  and 
they  were  the  lurking  places  of  wild  beasts  and 
wilder  men.  They  were  useful  only  for  the  purpose 
of  furnishing  lumber  and  fuel.  A  very  small  amount 
of  forest  on  each  farm  was  sufficient  for  these  pur- 
poses and  so  the  settler  did  not  hesitate  to  cut  down 
as  much  as  he  possibly  could.  The  other  natural 
resources  he  knew  little  or  nothing  about.  It  was 
many  years  before  coal  came  into  use  and  then  only 
in  those  sections  where  it  could  be  dug  from  the 
ground  near  at  hand.  Precious  metals  were  unknown. 
The  little  iron  that  was  used  was  brought  from 
abroad.  The  waterways  were  used  wherever  possible 
and  in  many  sections  of  the  country  they  were  the 
only  avenues  of  travel,  but  the  amount  of  commerce 
upon  them  was  small.  Under  conditions  such  as 
these  it  was  only  natural  for  the  inhabitants  to  sup- 
pose that  the  resources  of  the  country  were  inex- 
haustible. They  had  all  they  could  use  and  more, 
and  if  they  had  thought  of  the  question  of  exhaustion, 
it  would  have  seemed  to  them  that  all  they  had  to  do 
was  to  move  to  another  section,  north,  south  or  west, 
and  start  over  again.  While  they  depended  for  their 
livelihood  upon  one  of  the  natural  resources,  the  soil, 
yet  they  were  practically  independent  of  most  of  the 
others.  As  the  country  developed  and  civilization 
increased  their  dependence  upon  the  natural  resources 
increased  also,  but  at  first  in  a  scarcely  perceptible 
way.  This  dependence  has  grown  up  to  the  present 
time,  but  it  is  still  difficult  to  make  people  see  the 
force  of  it.      Most  of  the  products  which  come  from 
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the  natural  resources  of  the  country  are  used  at 
a  great  distance  from  the  raw  material  and  hence 
it  is  difficult  to  make  jDeople  see  the  connection  be- 
tween the  two  and  to  realize  their  dependence  upon 
the  latter.  The  natural  resources  have  been  so  freely 
drawn  upon  and  often  so  ruthlessly  used  that  already 
along  some  lines  they  are  beginning  to  disapi^ear  to 
an  alarming  degree.  Investigation  has  shown  that 
they  are  in  great  danger  of  exhaustion.  This  is  a 
grave  state  of  affairs  and  proper  steps  should  be 
taken  so  fai'  as  ix)ssible  to  prevent  it  by  preserving 
the  natural  resources  that  remain  and  by  carefully  and 
judiciously  using  them  in  the  future.  Unless  we  can 
prevent  theii'  absolute  destruction  the  iTiin  of  the 
nation  is  assured.  We  should  aim  to  transmit  to  the 
generations  which  are  to  follow  us  a  country  which 
is  better  than  the  one  we  received  from  our  ancestors 
and  not  one  which  is  being  rapidly  depleted  and  im- 
poverished. That  this  can  be  done  has  been  shown 
by  the  work  of  scientific  men  during  the  past  few 
years.  Of  course  some  of  the  natural  resources  can- 
not be  replaced,  but  their  rapid  depletion  can  be 
stopped  and  they  can  be  preserved  for  our  use  for 
many  centuries.  The  soil  should  never  be  allowed 
to  grow  poor.  It  should  grow  richer  as  it  is  culti- 
vated longer.  The  forests  can  be  retained  through 
planting  at  the  same  time  that  timber  is  being  cut 
for  use.  Fuel  and  iron  cannot  be  replaced  but  they 
can  be  carefully  and  economically  used.  The  use  of 
water  either  for  navigation  or  power  does  not  destroy 
the  water  and  hence  does  not  endanger  the  waterways 
system. 
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With  the  growth  of  civilization  the  wants  of  men 
multiply  and  hence  greater  demands  are  made  upon 
nature,  for  the  supply  with  which  these  wants  are 
satisfied  nuist  come  primarily  from  nature.  This 
will  cause  a  greater  drain  in  the  future  than  in  the 
past.  The  use  of  the  natural  resources  has  made  us 
a  great  nation  and  if  we  are  to  maintain  our  position 
among  other  nations  we  must  be  able  to  use  these 
natural  resources  in  the  future,  and  even  to  draw 
upon  them  to  a  greater  degree.  This  makes  it  abso- 
lutely essential  that  the  wasteful  methods  now  in  use 
should  cease  and  that  a  careful  and  systematic  study 
of  the  use  of  the  materials  we  now  have  be  intelli- 
gently made.  Our  land  is  nearly  all  taken  up. 
There  is  remaining  in  the  possession  of  the  govern- 
ment a  comparatively  small  amount,  excepting  that 
which  is  useless  for  cultivation.  Nearly  all  the 
forests  have  disappeared ;  in  some  sections  entirely 
so  and  very  little  effort  has  been  made  to  replace 
them.  Our  coal  and  iron  are  rapidly  disappearing 
and  will  in  time  entirely  disappear.  Our  waterways 
are  injured  and  many  of  them  are  entirely  useless  for 
navigation  or  for  power.  The  question  of  the  con- 
servation of  our  natural  resources  is,  then,  a  serious 
one  and  deserves  careful  and  mature  deliberation.  It 
would  seem  wise  to  use  to  the  best  advantage  even 
those  natural  resources  not  in  danger  of  exhaustion. 

Conference  at  the  White  House. 
On  Alay  13,  14  and  15  there  was  held  at  the  White 
House  in  Washington  a  conference  on  the  conserva- 
tion of  the  natural  resources  of  the  country.      This 
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conference  gathered  at  the  invitation  of  the  President 
of  the  "Cnited  States  and  was  comix)sed  of  the  gov- 
ernors of  the  states  with  three  delegates  from  each 
state  appointed  hy  the  governor;  of  the  members  of 
the  Cabinet,  the  judges  of  the  Supreme  Court,  some 
of  the  members  of  Congress,  and  representatives  from 
all  the  great  engineering  societies.  As  president  of 
this  Society  I  received  an  invitation  and  attended  the 
conference.  This  meeting  was  one  of  the  most  not- 
able ever  held  in  the  country.  The  President  of  the 
United  States  oj^ened  each  session  and  presided  at 
the  first  and  last.  At  the  opening  session  he  de- 
livered a  strong  address  upon  the  question  of  con- 
servation which  is  one  that  has  received  his  earnest 
attention  for  many  years.  The  governors  of  forty- 
four  states  were  present.  Many  members  of  the 
Cabinet,  of  the  Supreme  Court  and  of  both  houses 
of  Congress  accepted  the  invitation  and  attended  one 
or  more  of  the  sessions. 

Addresses  were  made  ujjon  the  subjects  of  forestry, 
fuel,  mineral  products,  soil  wastage,  irrigation,  and  the 
waterways.  Pajjers  were  read  by  Mr.  Andrew  Car- 
negie and  Mr.  James  J.  Hill,  who  have  taken  a  great 
interest  in  the  questions  under  consideration.  Many 
of  the  governors  and  quite  a  number  of  the  other 
dele^tes  took  part  in  the  discussion.  Evei*y  one 
presCTit  seemed  to  be  impressed  with  the  importance 
of  the  gathering.  To  many  of  the  governors  and 
their  associates  the  subject  seemed  to  be  entirely 
new.  It  had  never  been  directly  presented  to  them 
and  they  had  not  of  course  understood  its  importance, 
but  there  was  not  a  dissenting  voice  as  to  the  neces- 
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sity  of  conserving  our  natural  resources  and  making 
them  serve  the  nation  as  long  as  possible.  A  number 
of  the  governors  stated  that  upon  their  return  home 
they  would  immediately  appoint  forestry  and  other 
coumiissions  which  would  study  these  questions 
within  the  borders  of  their  states,  and  that  when 
these  commissions  made  their  reports  they  would  do 
all  in  their  power  to  carry  out  the  recommendations. 

The  representatives  of  the  scientific  societies  prob- 
ably appreciated  the  condition  of  affairs  and  the 
momentous  possibilities  of  the  questions  discussed 
better  than  any  of  the  others,  with  perhaps  the  ex- 
ception of  the  President.  Some  of  them  read  papers 
and  a  number  took  part  in  the  discussions.  At  the 
close  of  the  session  a  statement  of  the  present  condi- 
tion of  affairs,  and  a  recommendation  as  to  the  proper 
steps  to  be  taken  to  conserve  the  natural  resources 
were  adopted  as  the  sense  of  the  convention. 

The  engineer  adapts  the  forces  of  nature  to  the 
use  of  men  and  this  adaptation  should  be  done  both 
economically  and  efficiently.  It  is  not  enough  to 
show  that  a  certain  force  can  be  made  to  work  when 
a  machine  transforms  raw  material  into  finished  pro- 
duct. The  work  must  be  done  efficiently— that  is  to 
say,  the  greatest  amount  of  good  must  come  from  a 
given  expenditure  of  energy.  This  makes  the  machine 
efficient  and  shows  that  it  is  doing  all  that  it  is  pos- 
sible for  it  to  do,  and  when  this  is  the  case  it  is  gen- 
erally considered  that  the  engineer  has  successfully 
l^erformed  his  duty.  If  it  is  a  question  of  using  the 
force  or  material  in  some  other  way,  through  some 
other  kind  of  machine,   then  the  engineer  may  also 
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be  concerned,  and  it  may  be  necessary  for  him  to 
change  his  methods  of  work  to  confonn  to  a  new 
demand— that  is,  of  economy.  In  some  cases  the 
application  of  the  force  or  the  use  of  material  is  not 
economical  for  reasons  which  are  beyond  the  power 
of  the  engineer  to  control  for  they  may  be  economic 
in  their  character.  In  the  future,  waste  of  raw 
material  should  be  abhorrent  to  the  engineer  and 
his  aim  should  be  to  conserve  the  materials  which 
nature  has  pro\^ded  for  his  use.  The  agriculturist 
and  the  forester  as  well  as  the  engineer  are  concerned 
in  the  conservation  of  the  natural  resources,  but  in  a 
broad  sense  all  may  be  considered  as  belonging  to 
the  same  class.  They  all  develop  the  natural  re- 
sources of  the  country  and  prepare  them  for  the 
use  of  men.  I  shall  sj^eak  of  these  resources  sepa- 
rately and  try  to  show  in  what  way  the  engineer, 
the  forester  and  the  agriculturist,  may  work  for 
their  conservation. 

FOEESTS. 

I  have  already  stated  that  in  the  early  days  of  our 
history  it  was  the  one  aim  of  the  settler  to  destroy  the 
forests  because  they  were  in  his  way.  He  was  an 
agriculturist  and  needed  to  have  his  land  cleared  of 
trees  and  other  obstinictions  in  order  that  he  might 
har^^est  the  greatest  crop.  As  the  country  grew  the 
demand  for  lumber  increased  and  then  it  became 
necessary  to  save  the  trees  in  the  forest  and  turn 
them  into  lumber  but  the  supply  still  seemed  inex- 
haustible and  only  the  finest  and  best  of  the  trees 
were  used.  The  destructive  use  of  the  forests  thus 
begun  has  continued  ever  since,  though  perhaps  not 


THE    NATURAL.   RESOURCES    OF    THE    COUNTRY.  27 

in  SO  great  a  degree.  It  takes  from  thirty  to  seventy- 
five  years  to.  grow  a  tree,  but  the  lumbermen  only  cut 
those  which  have  grown  the  straightest  and  cleanest 
and  only  use  the  best  parts  of  the  tree  that  is  cut. 
The  branches  and  the  upper  part  of  the  tree  are  left 
to  decay  in  the  forest.  They  are  not  only  wasted  but 
they  are  scattered  over  the  ground  in  such  a  way  as 
to  prevent  future  growth,  for  the  soil  is  covered  with 
a  mat  of  material  through  which  it  is  hard  for  any 
living  thing  to  penetrate.  It  is  necessary  to  burn 
this  over  in  order  that  a  new  growth  can  rapidly  start. 
But  the  burning  over  of  the  land  effectually  kills  the 
young  trees  which  were  growing  among  the  old  ones 
and  thus  entails  a  further  loss  upon  the  forest  and 
its  owner. 

The  demand  for  lumber  has  increased  enormously 
during  the  past  few  years.  In  1880  the  consumption 
per  capita  in  the  United  States  was  360  feet,  while 
in  1906  it  was  440  feet.  The  total  amount  of  lumber 
cut  in  1906  was  over  40,000,000,000  feet  and  this 
yearly  amount  will  largely  increase  in  the  future, 
both  through  the  increase  in  population  and  through 
the  increase  per  capita  unless  some  steps  are  taken 
to  prevent  it.  No  accurate  census  of  the  amount  of 
timber  in  the  country  has  been  made  but  it  is  esti- 
mated that  we  have  now  of  standing  timber  about 
fourteen  hundred  billion  feet.  We  are  using  forty 
billion  feet  per  year.  Upon  this  basis  the  present 
lumber  supply  will  last  thirty-five  years  but  this  does 
not  take  account  of  the  increase  in  the  amount  used 
per  year,  nor  does  it  take  into  account  the  amount 
of  timber  which  will  grow  during  the  next  thirty-five 
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years.  If  nothing  is  done  to  increase  our  forest 
area  we  may  suppose  that  these  two  will  balance  each 
other  although  it  is  probable  that  the  lumber  cut 
will  increase  faster  than  the  growth.  But  eA'en  the 
more  consei'vative  calculation  shows  that  our  forests 
cannot  last  more  than  thirty-five  years  on  the  present 
basis  of  cutting.  Long  before  that  time  the  cost  of 
lumber  will  largely  increase  and  at  the  end  of  that 
l^eriod  there  will  be  no  timber  fit  to  cut.  TVhen  we 
consider  the  extent  to  which  wood  is  used  at  the 
present  time,  how  much  it  means  to  all  men,  this  is 
a  most  serious  question. 

The  government  has  tried  to  check  this  depletion 
of  our  forests  by  establishing  forest  reserves  in 
different  parts  of  the  country.  It  is  estimated  that 
at  present  there  are  in  forests  about  seven  hundred 
million  acres  of  which  twenty  per  cent,  are  in  national 
and  state  hands.  This  does  not  mean  that  all  of  this 
land  is  fully  covered  with  forests,  for  large  sections 
of  it  may  be  totally  barren,  but  surrounded  by  forests 
in  such  a  way  that  it  is  necessary  to  call  the  whole 
forest  land,  until  a  very  accurate  survey  has  been 
made.  The  National  Bureau  of  Forestry  of  the 
United  States  Department  of  Agriculture  and  a  num- 
ber of  state  depaitments  of  forestiy  have  done  a 
great  deal  txDwards  arousing  public  interest  in  the 
subject  and  establishing  scientific  methods  of  cultiva- 
tion. Many  of  the  state  universities  have  established 
departments  of  forestry  which  are  training  foresters 
to  take  charge  of  the  development  of  the  forest  in- 
terests of  state  and  nation. 

It  is   evident   that  in   the   future   lumber  must   be 
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considered  as  a  crop  to  be  planted  and  tended  and 
lian'ested  with  the  same  care  that  other  crops  receive. 
It  ditfers  from  them  only  in  the  methods  of  cultiva- 
tion and  the  length  of  time  necessary  for  its  develop- 
ment. Under  this  scientific  treatment  trees  will  be 
planted  on  waste  areas  or  other  sections  where  ordi- 
nary crops  are  not  profitable;  they  will  be  thinned 
out  until  only  those  which  are  likely  to  attain  a  ma- 
ture growth  are  left,  and  they  will  be  guarded  against 
the  destructive  effect  of  forest  fires.  "When  a  certain 
proportion  of  the  crop  is  ready  for  har\^esting  the 
limibermen  will  go  in,  cut  the  proper  trees,  carry  away 
or  burn  the  tops  and  branches  and  then  the  forester 
will  plant  new  trees  in  place  of  those  felled.  In  a 
few  years  another  crop  will  be  ready  and  the  same 
treatment  will  be  repeated.  The  older  forests  will 
be  treated  in  a  similar  way  except  that  the  first 
stage  of  planting  will  not  be  necessary.  In  this  way 
the  forests  will  yield  a  regular  crop  of  lumber  once 
in  so  often.  Under  this  treatment  the  forests  become 
profitable  to  a  very  much  greater  degree  than  under 
the  old  method  of  cutting  off  all  trees  large  enough 
for  lumber  at  one  time  and  practically  destroying 
all  the  young  growth. 

In  some  European  countries  where  this  method  of 
forestry  is  in  use  the  entire  public  expenses  of  many 
townships  are  met  by  the  sale  of  timl^er  from  the 
public  forest  lands.  Our  government  reserves  now 
yield  but  a  very  small  income  but  in  time  as  they 
are  brought  under  the  proper  cultivation  they  will 
yield  large  results.  As  soon  as  forest  planting  is 
taken  up  on  a  large  scale  by  national  and  state  gov- 
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ermnents  and  by  individuals  the  lumber  question  of 
the  future  will  be  settled.  This  process,  however, 
is  a  slow  one  and  we  must  expect  that  before  that  time 
comes  the  present  forest  reserves  will  be  very  largely 
exhausted.  The  danger,  however,  has  been  seen  and 
the  necessary  methods  for  its  correction  have  been 
developed.  This  has  been  the  work  of  the  scientific 
forester  but  the  labor  can  only  be  done  by  those 
agencies  which  can  supply  the  necessary  funds. 

The  engineer  is  greatly  interested  in  this  question 
because  he  needs  timber  for  many  of  his  operations. 
He  also  has  a  hand  in  the  conservation  of  our  forest 
areas  because  of  the  use  which  he  makes  of  steel  and 
concrete  in  structural  work.  The  amount  of  cement 
manufactured  and  used  in  the  United  States  has  in- 
creased each  year  until  now  it  has  reached  vast 
proportions.  It  use  will  be  greatly  increased  in  the 
future  especially  in  structural  work,  as  we  learn 
more  and  more  about  strength  of  concrete  reinforced 
with  steel.  The  United  States  government,  engineer- 
ing concerns  and  technical  colleges  are  making  an 
extensive  study  of  this  great  engineering  question 
and  the  results  of  their  researches  are  put  into 
practice  as  soon  as  they  are  published.  Every  engi- 
neer believes  that  the  opportunity  for  this  kind  of 
investigation  is  very  great  and  that  it  should  be 
encouraged  by  both  national  and  state  governments. 

Fuel. 
Manufacturing    industries    depend    upon    fuel    and 
cheap  fuel  is  a  vital  element  of  our  supremacy  in  the 
world's  markets.      The  amount  used  at  the  present 
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time  in  the  United  States  is  very  large.  In  1906  the 
coal  mined  amounted  to  fonr  hundred  million  tons, 
having  a  value  of  five  hundred  and  ten  million  dollars. 
The  petroleum  was  valued  at  ninety  million  dollars; 
natural  gas  at  fifty  million  dollars;  coke  at  one 
hundred  and  ten  million  dollars  and  artificial  gas  at 
thirty  million  dollars.  The  total  value  of  all  fuels 
including  bj^-products  was  almost  one  billion  dollars. 

Coal  is  found  in  almost  every  section  of  the  United 
States,  twenty-nine  out  of  forty-six  states  having 
coal  beds.  Natural  gas  and  petroleum  are  also  found 
in  many  of  the  states.  No  matter  how  large  the 
supply  of  these  fuels  may  originally  have  been,  a 
yearly  drain  such  as  just  mentioned  will  inevitably  in 
a  few  years  sadly  deplete  it  and  the  amount  used  is 
increasing  every  year  and  at  a  very  rapid  rate.  But 
this  is  not  all ;  the  figures  just  given  are  those  for  the 
fuel  taken  from  the  ground  and  used,  but  the  amount 
wasted  doubles  or  trebles  this  total.  Although  this 
latter  has  not  been  put  to  any  use,  it  has  been  de- 
stroyed so  far  as  its  future  usefulness  is  concerned. 

Natural  gas  is  one  of  the  most  perfect  fuels  in 
existence.  It  is  found  under  such  pressure  that  it 
can  be  carried  long  distances  and  delivered  in  the 
factory  ready  for  use.  The  turning  of  a  cock  regu- 
lates the  supply  and  there  is  no  dirt  or  loss.  Many 
wells  which  yield  small  amounts  are  allowed  to  waste 
their  supply  in  the  air  and  it  has  frequently  happened 
that  the  product  of  large  wells  is  more  or  less  wasted 
because  proper  piping  is  not  at  hand  or  proper  pre- 
cautions have  not  been  taken.  In  many  oil  wells 
there  is  more  or  less  gas  and  little  if  any  effort  is 
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made  to  secure  this  supply.  One  geologist  estimates 
that  at  least  a  billion  cubic  feet  of  gas  per  day  are 
allowed  to  go  to  waste  in  the  United  States.  Only 
one  state,  Indiana,  has  passed  stringent  laws  against 
this  waste.  This  state  found  that  her  supply  of 
natural  gas  was  rapidly  being  exhausted  and  that 
factories  formerly  dependent  upon  it  were  obliged 
to  change  to  some  other  form  of  fuel.  After  a  large 
part  of  the  supply  had  been  exhausted,  laws  were 
passed  forbidding  operators  to  open  gas  or  oil  wells 
until  precautions  had  been  taken  to  save  all  the  gas. 
The  waste  in  coal  mines  is  very  great.  Nearly 
every  coal  vein  has  streaks  of  sulphurous  or  bony 
coal  mixed  with  the  first-class  material.  This  con- 
tains a  large  amount  of  carbon  but  is  not  as  valuable 
as  some  parts  of  the  seam;  it  is,  therefore,  left  in 
piles  inside  the  mine  or  dumped  upon  the  culm  bank 
on  the  outside.  The  amount  of  this  low-grade  coal 
varies  from  ten  to  fifty  per  cent,  in  every  mine  and 
under  the  present  system  of  mining  and  of  coal  using 
this  is  an  absolute  loss.  As  the  roofs  of  coal  mines 
will  not  support  themselves  and  as  timber  is  ex- 
pensive it  is  the  custom  to  leave  great  pillars  of  coal 
in  the  mine  as  supports.  As  a  rule  these  pillars 
are  not  taken  out  and  so  become  absolute  waste.  In 
most  coal  mines  there  are  several  layers  of  the  coal 
separated  by  shale  formation.  Some  of  these  are 
narrow  and  cannot  be  mined  to  advantage;  others 
are  so  broken  up  and  dislocated  by  the  mining  of 
adjacent  seams  that  it  is  impossible  to  take  them  out. 
All  of  these  causes  and  perhaps  some  others  make  up 
a  loss  of  from  forty  to  seventy  per  cent,  of  the  coal 
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in  the  average  coal  mine  of  the  country.  As  we 
obtain  only  thirty  to  sixty  per  cent,  of  the  coal  it  is 
evident  that  we  are  exhausting  our  coal  fields  twice 
as  fast  as  the  actual  amount  of  fuel  used  would 
indicate. 

This  immense  drain  upon  the  coal  supply  must  very 
soon  have  an  effect.  It  has  been  estimated  that  our 
anthracite  coal  cannot  last  more  than  seventy-five 
years.  The  bituminous  coal  will  last  much  longer 
but  it  will  become  exhausted  in  those  places  where 
it  is  now  used  to  the  greatest  extent.  The  most 
important  coal  vein  in  the  United  States  is  in  the 
Pittsburg  belt  and  is  being  more  rapidly  mined  than 
any  other.  Each  acre  of  land  has  supplied  about 
eight  thousand  tons  of  coal  and  at  this  rate  the 
state  geologist  of  West  Virginia  estimates  that  at 
the  beginning  of  the  next  century  there  will  be  no 
coal  within  one  hundred  miles  of  Pittsburg.  No  one 
can  fail  to  perceive  that  this  will  be  a  terrible  blow 
to  the  manufacturing  industries  of  that  great  indus- 
trial center.  In  many  sections  of  the  country  where 
neither  anthracite  nor  bituminous  coal  are  found 
large  deposits  of  lignite  exist.  This  lignite  can  be 
used  for  heating  purposes  in  houses  but  is  worthless 
for  manufacturing  purposes  because  the  amount  of 
ash  is  so  great  that  it  will  not  produce  steam.  In 
sections  of  country  where  this  is  the  only  fuel  supply 
it  is  necessary  to  bring  coal  from  long  distances 
which  makes  it  very  expensive  and  puts  a  great  tax 
upon   manufacturing   industries. 

Our  coal  measures  cover  such  an  extensive  area  and 
the  supply  has  seemed  so  great  that  the  conservation 
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of  our  fuels  has  received  very  little  attention  until 
within  the  past  few  years.  1903  the  Technologic 
Branch  of  the  United  States  Geological  Survey  was 
established  in  St.  Louis  in  connection  with  the  exposi- 
tion and  since  then  a  very  extensive  study  of  the 
fuel  supplies  of  the  country  has  been  carried  on. 
Dr.  Holmes,  the  director  of  this  branch,  Professor 
Lord,  of  the  Ohio  State  University,  in  charge  of  the 
chemical  work.  Professor  Breckenridge,  of  the  Uni- 
versity of  Illinois,  in  charge  of  the  boiler  tests,  and 
Professor  Fernald,  of  Case  School  of  Applied  Sci- 
ence, in  charge  of  the  gas  producer  and  gas  engine 
tests,  are  all  members  of  this  society.  The  results 
obtained  by  these  men,  all  of  them  engineers,  has  been 
of  an  astonishing  character.  It  has  been  found  that 
the  fine  coal,  the  refuse  of  mines  and  breakers, 
hitherto  regarded  as  of  little  value  and  sold  at  an 
extremely  low  price,  can  be  made  into  briquettes  at 
a  comparatively  low  cost  and  it  is  then  as  valuable 
as  the  finest  coal  that  can  be  obtained.  It  has  also 
been  found  that  many  non-coking  coals  can,  by  proper 
methods,  be  coked  as  readily  as  the  best  coking 
coals  of  Pennsylvania.  These  two  results  alone  are 
worth  many  times  as  much  as  this  bureau  has  cost 
the  government,  for  certain  manufacturing  indus- 
tries must  have  coke  for  fuel  and  in  some  sections  it 
has  been  necessary  to  bring  the  coke  from  long 
distances  because  no  coking  coal  was  at  hand  although 
large  supplies  of  other  coal  were  easily  obtainable. 

But  perhaps  the  most  wonderful  results  from  these 
experiments  have  come  through  the  investigations 
in  regard  to  the  use  of  coal  in  the  gas  producer  and 
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the  gas  engine.  With  the  old  processes  we  do  not 
obtain  on  the  average  more  than  five  per  cent,  of  the 
heat  value  of  our  coals.  The  steam  engine  utilizes 
from  four  to  ten  per  cent,  but  the  gas  producer  and 
the  gas  engine  utilizes  from  eleven  to  eighteen  per 
cent.  Coal  converted  into  gas  produces  then  two  and 
one  half  times  as  much  power  as  when  burned  under 
a  boiler.  The  best  Pocahontas  coal  under  a  boiler 
was  found  to  produce  .28  H.P.  per  pound  of  coal 
l^er  hour,  while  with  a  gas  producer  the  same  amount 
of  coal  produced  .96  H.P.  or  3.34  times  as  much  as 
when  used  in  the  ordinary  way.  A  lignite  which 
would  produce  only  .01  H.P.  per  pound  of  coal  per 
hour  when  used  under  a  boiler  produced  .35  H.P, 
when  used  in  a  gas  producer.  A  still  more  interest- 
ing fact  is  that  the  best  Pocahontas  coal  used  under 
a  boiler  produced  .28  H.P.  per  pound  per  hour  while 
a  lignite  in  a  producer  gave  .30  H.P.  Thus,  lignite 
turned  into  gas  gave  more  power  than  the  best  coal 
when  used  under  a  boiler.  These  results  indicate 
that  there  is  fuel  in  almost  every  part  of  the  United 
States  which  can  be  used  to  produce  power  through 
the  gas  producer  and  gas  engine,  so  that  the  amount 
of  valuable  fuel  for  power  purposes  has  been  in- 
creased many  fold  by  the  work  of  the  Technologic 
Branch. 

It  is  true  that  these  results  while  they  show  a 
great  improvement  over  ordinary  methods  look  small 
compared  to  what  should  theoretically  be  obtained. 
Even  the  gas  engine  under  the  most  favorable  condi- 
tions does  not  utilize  over  eighteen  per  cent,  of  the 
heat  value  of  the  coal.      There  is  still  a  great  oppor- 


36  THE    EXGIXEEB    A^'D    THE    COXSEBVATIOX    OF 

tunity  for  the  scientific  man  and  the  engineer  to 
devise  methods  by  which  a  larger  per  cent,  of  the 
energy  of  onr  fuels  can  be  utilized.  And  the  engineer 
has  an  important  work  to  do  in  connection  with  the 
results  already  obtained.  The  gas  engine  ha?  been 
in  use  in  Europe  for  a  number  of  years  and  is  now 
being  introduced  into  this  country.  There  are  in- 
stallations where  the  horse  power  runs  into  thousands 
but  these  are  isolated  and  are  principally  in  connec- 
tion with  steel  plants.  The  average  manufacturer 
hesitates  to  install  a  gas  engine  l>ecause  he  fears 
that  he  cannot  dejjend  ujxjn  it  every  day  as  he  can 
uix>n  the  steam  engine  and  because  he  knows  that  it 
cannot  be  oj^erated  by  the  same  engineer  who  can 
operate  his  steam  plant.  The  steam  engine  is  so 
simple  and  has  been  in  use  so  long  that  it  is  veiy 
easy  to  make  repairs  upon  it  and  it  does  not  take 
long  comparatively  to  train  a  man  to  use  it.  The  gas 
engine  is  more  complicated,  is  not  as  well  under- 
stood and  at  present  there  are  very  few  men  who  are 
exi>erienced  in  its  use.  The  greater  initial  cost  of 
the  gas  plant,  the  cost  of  oj^erating  and  the  feeling 
which  the  manufacturer  has  that  it  is  unreliable  will 
retard  its  use  but  if  our  mechanical  engineers  and 
especially  our  engineering  colleges  will  make  the 
thorough  study  of  this  question  which  it  desei-ves, 
there  is  no  doubt  that  within  a  few  years  the  gas 
engine  will  practically  supplant  the  steam  engine. 
The  manufacturer  wants  power  and  he  wants  it  as 
cheaply  as  it  can  jwssibly  l>e  obtained.  If  a  new 
form  of  prime  mover  will  develop  two  and  one  half 
times  as  much  ix)wer  as   the  old  without  too  much 
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initial  cost  or  expense  of  maintenance,  the  manu- 
facturer will  rapidly  install  the  new  form.  I  believe 
our  engineering  colleges  should  install  gas  plants 
and  make  a  thorough  and  systematic  study  of  their 
use  from  day  to  day.  In  this  way  their  faults  can 
be  remedied  and  through  published  reports  the  manu- 
facturer can  be  made  to  feel  that  they  are  reliable. 
At  the  same  time  it  will  be  of  immense  benefit  to 
the  students  in  the  mechanical  engineering  depart- 
ments to  have  a  thorough  training  in  the  principles 
and  the  use  of  this  new  form  of  engine. 

Iron  and  Steel. 
This  is  an  iron  age.     A  nation's  industrial  progress 
is   detei-mined   by   the   amount   of   iron    ore    it    uses. 
Gold,  silver,  tin,  lead  and  many  other  metals,  while 
useful,  could  be  dispensed  with,  but  iron  and  copper 
are  indispensable  at  this  stage  of  the  worid's  progress 
and  of  these  two  iron  is  by  far  the  most  necessary 
and  the  most  useful.     In  1907  fifty-three  million  tons 
of  iron  ore  were  mined  and  up  to  the  present  time 
seven  hundred  and  fifty  million  tons  have  been  mined 
in  this  country.     The  total  amount  of  iron  ore  avail- 
able in  the   United   States   is   about   as   follows.      In 
Lake  Superior  one  billion  five  hundred  million  tons; 
in    the    southern    district    two    billion    five    hundred 
million  tons;  in  the  other  parts  of  the  United  States 
five  billion  tons;  or  a  total  of  about  ten  billion  tons. 
The   highest   grade   is   found   in   the   Lake   Superior 
district  and  hence  this  ore  is  in  the  greatest  demand. 
In  1907  forty-four  million   tons  were  mined   in   this 
region  and  with  the  present  increase  in  consumption 
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the  supply  will  be  completely  exhausted  by  1940 
unless  new  deposits  are  discovered.  Up  to  the 
present  time  one  thirteenth  of  the  original  supply  of 
iron  ore  in  the  United  States  has  been  used.  At  the 
present  rate  of  exhaustion  the  total  amount  of  iron 
ore  in  the  whole  country  will  be  used  up  before  the 
end  of  the  present  century.  This  includes  however 
only  that  supply  which  is  of  a  high  enough  grade  to 
be  worked  at  the  present  time.  After  that  it  will 
be  necessary  to  use  lower  grades  of  ore  or  we  must 
do  what  so  many  European  countries  do— import 
from  other  places.  This,  of  course,  would  be  a 
great  blow  to  our  material  prosperity.  We  have  held 
our  position  in  the  industrial  markets  for  iron  and 
steel  products  on  account  of  the  abundance  of  our 
iron  and  coal  and  the  consequent  cheap  price  of  both. 
When  it  becomes  necessary"  to  import  either  coal  or 
iron,  the  cost  of  manufacture  will  largely  increase 
and  unless  conditions  are  different  from  those  at 
present,  we  shall  no  longer  be  an  exporting  nation. 
It  will  be  necessary  for  the  engineer  to  use  all  of  his 
ingenuity  and  skill  to  avert  the  commercial  and  in- 
dustrial disaster  which  will  inevitably  come  when  the 
supply  of  iron  ore  is  exhausted.  This  may  be  done 
perhaps  by  new  methods  which  will  make  it  possible 
to  use  a  lower  grade  of  ore  and  yet  obtain  the  manu- 
factured product  at  the  same  price  as  at  present. 
Xew  alloys  of  iron  will  undoubtedly  be  discovered 
by  the  engineer  which  will  make  it  possible  to  obtain 
the  present  strength  for  machines  and  structures 
with  the  use  of  less  material,  thus  decreasing  the 
amount  of  ore  used.     As  concrete  reinforced  by  steel 
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takes  the  place  of  steel  structures,  a  still  greater 
saving  in  iron  will  be  the  result.  This  is  inevitably 
coming  for  the  progress  in  this  direction  during 
the  past  few  years  has  been  astonishing.  The  engi- 
neer is  deeply  concerned  with  methods  of  transporta- 
tion and  by  substituting  water  transportation  for  rail 
transportation  the  saving  in  steel  is  very  great  for 
the  same  load  can  be  carried  by  the  former  with  one 
third  the  steel  in  the  original  plant  that  is  necessary 
when  loads  are  carried  by  rail. 

Reclamation  of  Land. 

The  problem  of  maintaining  the  fertility  of  the  soil 
and  of  enriching  the  worn  out  farming  lands  of  the 
country  is  one  which  belongs  to  the  scientific  agricul- 
turist and  not  to  the  engineer  but  there  is  one  ques- 
tion connected  with  the  agricultural  interests  of  the 
country  with  which  the  engineer  is  vitally  concerned— 
that  is  the  reclamation  of  the  arid  and  swampy  re- 
gions. When  the  population  of  a  country  is  sparse 
people  seek  the  richest  fanning  lands.  They  use 
the  most  exhaustive  and  least  scientific  methods  of 
agriculture  and  the  soil  is  soon  depleted,  but  they  are 
indifferent  to  this  because  there  are  large  areas  not 
in  use  and  they  can  move  from  the  worn-out  farm  to 
a  new  section.  But  as  population  increases  the 
richest  lands  are  rapidly  absorbed,  those  of  second 
and  third  grade  must  then  be  used  and  in  the  end  all 
the  fertile  soil  of  the  country  is  under  cultivation. 
After  this  if  population  is  to  grow,  more  scientific 
methods  of  agriculture  must  be  adopted  or  the 
hitherto  useless  land  must  be  converted  into  fertile 


40  THE    EXGIXEEE    AXD    THE    CO^rSEEVATIO:^^    OF 

areas.  The  useless  land  consists  of  mountainous. 
desert  and  swampy  regions.  As  a  iTile  tlie  moun- 
tainous districts  are  not  available  for  agriculture 
though  they  may  be  for  forestry.  The  desert  land 
can  in  many  cases  be  reclaimed  by  irrigation  and  the 
swampy  land  may  often  be  reclaimed  by  drainage. 
Both  of  these  processes,  irrigation  and  drainage,  are 
essentially  within  the  province  of  the  engineer  and  it 
is  due  to  his  efforts  that  so  much  fertile  soil  has  been 
added  to  our  national  domain.  Eight  million  acres 
have  already  been  irrigated  and  in  the  next  twenty- 
five  years  it  is  estimated  that  twelve  million  acres 
more  may  be  reclaimed.  Vs'e  have  in  the  United 
States  eighty  million  acres  of  swamp  laud  of  which 
twelve  million  have  already  been  drained  and  twenty 
million  more  may  be  di*ained  in  the  future.  This  will 
enable  us  to  raise  a  food  supply  for  many  millions  of 
people  and  hence  population  can  grow  to  this  extent. 
But  the  problem  of  reclamation  is  only  a  part  of  the 
greater  problem  of  the  food  supply  of  the  nation  and 
this  does  not  belong  to  the  engineer. 

IXLA^'D    AVaTEEWAYS. 

The  forests,  water  power,  irrigation  and  inland 
na\igation  are  more  or  less  connected.  The  cutting 
away  of  the  forests  has  been  the  cause  of  severe  floods 
during  certain  sections  of  the  year  and  veiy  low 
water  in  the  streams  during  the  rest  of  the  year. 
This  has  been  deti-imental  to  navigation  and  to  the 
successful  use  of  water  power.  Some  streams  are 
available  both  for  irrigation  and  water  power  and  it 
is  a  question  which  of  these  is  of  the  greatest  value. 
If  the  water  in  a  stream  is  used  for  irrigation  it  can- 
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not  be  used  for  power  and  hence  only  one  of  these 
methods  of  utilization  is  available.  Some  streams 
can  be  used  for  power  and  also  for  navigation.  The 
water  which  is  used  for  power  is  not  destroyed  but 
is  turned  back  into  the  stream  after  its  energy  of 
motion  or  position  has  been  used.  The  dams  and 
other  works  necessary  for  the  utilization  of  power 
form  an  impediment  to  navigation  but  can  be  over- 
come by  canals.  Thus  it  seems  that  the  question  of 
the  use  of  water  must  be  studied  from  several  stand- 
points and  the  final  solution  of  the  problem  will 
dej^end  upon  a  number  of  considerations. 

The  United  States  possesses  an  unrivaled  natural 
system  of  water  ways.  Professor  Johnson  says  that 
at  present  we  have  25,000  miles  of  navigable  streams 
and  there  is  as  much  more  that  can  be  made  navi- 
gable. There  are  1,410  miles  of  navigable  waters  in 
the  great  lakes  and  we  have  2,120  miles  of  canals. 
There  are  2,500  miles  of  waterways  in  sounds,  bays 
and  bayous  on  the  Atlantic  and  Gulf  coasts.  These 
can  all  be  made  into  a  splendid  inland  system  by  the 
construction  of  a  comparatively  few  miles  of  canals. 
On  account  of  the  absence  of  these  canals  only  a 
very  small  part  of  this  natural  water  route  is  at 
present  utilized.  In  view  of  the  importance  of  our 
waterways  very  little  has  so  far  been  done  for  their 
presentation  and  use.  "We  have  wasted  our  natural 
routes  of  travel  by  the  destruction  of  forests,  by 
allowing  our  streams  to  fill  up  with  sand,  and  by  our 
neglect  to  use  those  which  are  still  available.  It  is 
nmch  cheaper  to  transport  heavy  material  by  water 
than  by  rail  and  the  great  advantage  which  comes 
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from  the  proper  nse  of  waterways  is  shown  wherever 
the  government  has  given  the  necessaiy  aid-  The 
most  striking  evidence  of  the  value  of  work  properly 
directed  is  seen  iri  the  great  lakes  where  a  hundred 
million  dollars  has  been  spent.  The  water  lq  the 
lakes  is  deep  enough  for  the  largest  vessels  but  the 
rivers  and  straits  connecting  them  naturally  had  only 
from  eight  to  twelve  feet  of  depth.  This  has  ]>een 
increased  throngh  government  appropriations  to 
twenty-one  feet  and  now  this  body  of  great  lakes 
forms  one  of  the  grandest  pieces  of  navigable  water 
known  in  the  world.  In  1889  twenty-five  million  tons 
passed  through  this  system  and  in  1906  this  had 
increased  to  seventy-six  million  tons.  In  1907  it  was 
eighty-three  million  tons  and  the  increase  will  un- 
doubtedly go  on.  In  the  Mississippi  valley  two  hun- 
dred and  eight  million  dollars  have  been  spent  but 
very  little  of  it  L-  _  ne  for  navigation.  The  larger 
part  has  been  spent  in  jetties,  dikes  ani  -  forth. 
necessary  to  prevent  the  loss  of  property  and  of  life. 
So  little  has  been  done  for  navigation  in  the  greater 
part  of  the  Mississippi  valley  that  the  tonnage  has 
decreased  during  the  past  twenty  years.  The  inland 
waterways  commission  has  done  a  most  valuable 
work  in  showing  the  possibilities  of  our  navigable 
streams,  lakes  and  bays.  I:  1-  :  1  e  hoj:>ed  that  Con- 
gress will  make  the  apr:  l::;::;::-:  necessary  to  make 
:1'~  '  ly  ;  r:::_:.::-r:::  ^:\i  "l-at  its  reooniniendations 
wKl  receive  favorable  consideration.  In  England. 
France  and  Germany  the  waterways  have  received 
far  gi-eater  attention  than  here.  Although  these 
countries  are  much  smaller  than  the  United  States  a 
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very  much  larger  proportion  of  the  total  tonnage 
passes  through  the  rivers  and  canals.  We  should 
take  a  lesson  from  these  nations  and  learn  to  give 
this  subject  the  proper  amount  of  attention.  The 
larger  use  of  our  waterways  will  not  decrease  the 
amount  of  railway  traffic.  The  railways  now  have 
more  than  they  can  do  and  they  have  found  great 
difficulty  in  raising  money  sufficient  to  increase  their 
trackage  and  their  transportation  facilities. 

Railroad  transportation  can  only  take  place  over 
a  pathway  which  has  been  especially  prepared  and 
which  has  been  laid  with  steel  rails.  Water  trans- 
portation does  not  need  this.  A  natural  pathway 
has  been  prepared  and  it  is  only  necessary  to  im- 
prove this  at  a  few  points  and  to  provide  the  vessels 
to  carry  the  traffic.  This  makes  the  cost  of  trans- 
portation by  water  very  much  less  than  that  by  land. 
The  initial  cost  is  less  and  the  cost  of  maintenance  is 
less.  If  these  streams  can  be  given  the  proper  depth 
so  that  larger  vessels  can  be  used  and  greater  loads 
carried  the  transportation  by  water  will  be  greatly 
increased.  The  whole  question  of  water  transporta- 
tion belongs  to  the  engineer.  Whatever  has  been 
done  in  the  past  has  been  planned  and  carried  out 
by  him  and  all  improvements  in  the  future  must  be 
his  work. 

Conclusions. 

I  have  presented  in  a  very  imperfect  way  the 
present  state  of  our  natural  resources  and  have 
suggested  some  of  the  steps  which  should  be  taken 
to  conserve  them.  There  is  nothing  original  in  this. 
The  facts  have  been  gathered  from  government  re- 
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ports  and  papers  written  by  experts  in  each  of  the 
several  divisions  of  this  question.  The  point  "which 
I  had  in  mind  during  the  preparation  of  the  paper 
and  to  which  I  wish  to  give  especial  emphasis  is  that 
this  work  of  conservation  is  the  work  of  the  engineer. 
I  am  inclined  to  think  that  in  some  cases  the  state- 
ments in  regard  to  the  destruction  of  our  natural 
resources  have  been  overdrawn  and  that  they  will 
not  be  totally  exhausted  in  as  short  a  period  as  some 
seem  to  believe,  but  there  is  no  doubt  that  the  ques- 
tion is  a  grave  one  and  that  it  should  be  faced  before 
it  is  too  late.  We  should  try  to  avoid  waste  and 
unnecessary  destruction  and  we  should  also  try  to 
make  the  best  possible  use  of  all  of  our  resources. 
It  will  be  the  work  of  the  engineer  to  accomplish 
both  of  these  objects,  and  it  will  also  be  his  pro\dnce 
to  deteiTuine  new  ways  of  accomplishing  results  now 
so  wastefully  performed.  In  the  past  the  engineer 
has  been  concerned  with  getting  results.  If  the 
results  were  obtained,  the  waste  and  destruction  of 
the  natural  product  has  scarcely  been  considered  but 
in  the  future  economy  of  the  natural  product  as  well 
as  economy  in  the  final  result  must  receive  careful 
attention.  I  believe  the  engineers  of  the  country  are 
capable  of  solving  these  problems  and  that  if  they 
are  given  the  necessaiy  governmental  and  private 
aid,  the  problem  of  the  conservation  of  our  natural 
resources  will  be  solved. 

The  engineering  colleges  of  the  country  will  also 
have  a  share  in  this  work.  They  are  training  the 
engineers  of  the  future  and  from  now  on  they  must 
train  them  with  this  problem  in  view.      They  must 
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not  only  give  them  the  principles  of  engineering  prac- 
tice but  they  must  show  them  how  the  work  of  the 
engineer  can  be  carried  out  with  a  view  of  trans- 
mitting to  our  posterity  the  natural  resources  in,  so 
far  as  possible,  an  unimpaired  condition.  As  has 
been  pointed  out  in  the  paper  the  conservation  of 
some  of  our  natural  resources  must  be  accomplished 
through  new  inventions.  This  means  that  the  engi- 
neer of  the  future  must  be  able  to  do  more  than  the 
ordinary  engineering  work  which  comes  to  him  from 
day  to  day.  He  must  be  so  thoroughly  trained  in 
the  principles  of  science  and  applied  mechanics  that 
he  will  be  able  to  discover  new  processes  and  accom- 
plish old  results  in  new  and  more  economical  ways. 
He  must  be  taught  more  thoroughly  than  ever  before 
how  to  unite  theoretical  and  practical  knowledge.  In 
short  he  must  be  able  to  think  along  scientific  and 
engineering  lines.  This  is  the  most  difficult  thing 
which  the  engineering  college  has  to  teach.  There 
are  so  many  subjects  in  the  curriculum,  so  much 
that  is  necessary  for  the  engineer  to  learn  that  he  has 
not  had  the  proper  time  to  digest  the  material  pre- 
sented. I  feel  convinced  that  this  problem  of  teach- 
ing the  student  to  think,  of  giving  him  the  power 
to  solve  things  for  himself  has  for  many  years  re- 
ceived the  earnest  attention  of  the  members  of  this 
society  but  in  view  of  the  problem  which  I  am  discus- 
sing to-day,  I  wish  to  urge  upon  all  who  teach  in  our 
colleges  the  importance  of  giving  it  still  more  atten- 
tion. Engineering  science  is  progressive,  the  subjects 
taught  in  our  engineering  schools  are  alive  and  not 
dead.      We  shall  grow  not  only  in  knowledge  but  in 
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methods,  and  we  shall  accomplish  the  results  we 
ought  to  accomplish  and  solve  the  problems  presented 
to  us. 

Present  success  in  industrial  methods  is  desirable 
and  necessary  but  the  engineer  will  deserve  and  will 
receive  the  grateful  praise  of  coming  generations  if 
he  transmits  to  them,  as  far  as  possible,  unimpaired, 
the  natural  resources  which  have  made  us  and  will 
make  them,  a  great  nation. 


PRELIMINARY    REPORT    OF    THE    JOINT    COM- 
MITTEE  ON   ENGINEERING   EDUCATION. 

At  the  last  annual  convention  of  this  Society  the 
retiring  president  introduced  resolutions  which  were 
adopted  by  the  Society,  and  which  invited  the  leading 
national  societies  in  the  engineering  branches  to  co- 
operate in  the  appointment  of  a  Joint  Committee  to 
study  engineering  education.  The  resolutions  invited 
each  of  the  several  societies  to  appoint  two  members 
of  a  Joint  Committee,  while  this  Society  should  itself 
appoint  three  members.  The  resolutions  (which  are 
printed  on  pp.  17  and  18  of  the  last  volume  of  the 
Peoceedixgs  of  this  Society)  point  out  the  desirability 
of  making  a  comprehensive  study  of  the  objects  and 
the  utilities  and  the  correct  ideals  of  engineering 
education  and  lay  upon  the  Joint  Committee  the  duty 
of  examining  into,  "all  branches  of  engineering  edu- 
cation, including  research,  graduate  professional 
courses,  undergraduate  engineering  instruction,  and 
the  proper  relations  of  engineering  schools  to  the 
secondary  industrial   schools  or  foremen's   schools." 

And  the  resolutions  further  lay  upon  the  Joint 
Committee  the  duty  of  formulating  a  report  or  re- 
ports, ''upon  the  appropriate  scope  of  engineering 
education  and  the  degree  of  cooperation  and  unity 
that  may  be  advantageously  arranged  between  the 
various  engineering  schools."  The  resolutions  also 
require  a  preliminary*  report  at  this  meeting. 

AVlien  the  resolutions  were  adopted  it  was  hoped 
that  the  joint  committee  might  be  promptly  formed 
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and  that  its  final  report  might  be  made  within  two 
years,  but  such  a  degree  of  cooperation  between  these 
societies  had  never  before  been  secured  and  it  was 
soon  found  that  an  extended  period  would  be  con- 
sumed in  fonning  the  committee.  The  somewhat 
onerous  duty  of  bringing  the  committee  to  life  was 
promptly  laid  by  President  Howe  upon  the  author  of 
the  resolutions,  who  thereupon  took  up  the  duties  of 
temporary  secretary  while  the  committee  was  in 
process    of   formation. 

The  resolutions  were  adopted  on  the  last  day  of  our 
convention  held  during  the  first  days  of  July,  1907, 
and  the  governing  boards  of  the  professional  societies 
invited  to  participate  ordinarily  have  no  meetings 
during  the  months  of  July  and  August.  It  was  later 
found  that  certain  societies  were  not  able  to  act 
through  their  governing  boards  and  the  appointments 
of  certain  members  of  the  Joint  Committee  were 
therefore  delayed  until  after  the  opening  of  the  year 
1908.  One  of  the  societies  involved  held  its  meeting 
at  which  the  members  were  appointed  toward  the 
latter  part  of  December,  1907,  and  the  last  members 
were  appointed  during  ]March,   1908. 

The  societies  invited  by  the  resolutions  to  join  in 
appointing  this  Joint  Committee  are  the  American 
Society  of  Civil  Engineers,  the  American  Society  of 
Mechanical  Engineers,  the  American  Institute  of  Min- 
ing Engineers,  the  American  Institute  of  Electrical 
Engineers,  and  the  American  Chemical  Society,  from 
each  of  which  societies  two  members  have  been  desig- 
nated to  act  on  the  Joint  Committee;  and  the  Society 
for  the  Promotion  of  Engineering  Education  has  ap- 
pointed three  members. 
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The  oldest  and  most  eompreliensive  of  these  so- 
cieties is  the  American  Society  of  Civil  Engineers  and 
its  representatives  on  the  Joint  Committee  consist  of 
two  eminent  past-presidents,  one  of  whom  is  chairman 
of  that  Society's  Committee  on  Engineering  Educa- 
tion. The  American  Society  of  Mechanical  Engineers 
appointed  two  very  distinguished  members:  one  a 
past-president,  Mr.  Frederick  W.  Taylor,  and  the 
other  Dr.  Alexander  C.  Humphreys,  president  of 
Stevens  Institute  of  Technology.  Two  past-presi- 
dents who  are  men  of  great  distinction  in  the  mining 
and  metallurgical  fields  were  designated  on  behalf 
of  the  American  Institute  of  Mining  Engineers:  Pro- 
fessor Henry  M.  Howe  and  Mr.  John  Hays  Hammond. 
Two  past-presidents  were  likewise  appointed  by  the 
American  Institute  of  Electrical  Engineers:  the  re- 
cently retiring  president.  Professor  Samuel  Sheldon, 
of  the  Polytechnic  Institute  of  Brooklyn,  and  Mr. 
Charles  F.  Scott,  who  was  most  prominent  in  formu- 
lating the  plan  which  resulted  in  the  gift  of  a  million 
and  a  half  dollars  for  the  building  for  the  engineering 
societies  of  New  York.  Mr.  Scott  is  a  member  of  the 
special  Educational  Committee  of  the  Society  which 
he  represents.  The  American  Chemical  Society  ap- 
pointed two  men  who  take  an  untiring  interest  in  edu- 
cational affairs:  Professor  Henry  P.  Talbot,  of  the 
Massachusetts  Institute  of  Technology  and  Mr.  Clif- 
ford Richardson,  of  New  York.  The  Society  for  the 
Promotion  of  Engineering  Education  appointed  Pro- 
fessor C.  L.  Crandall,  of  Cornell  University,  Professor 
James  M.  White,  of  the  University  of  Illinois,  and 
Professor  Dugald  C.  Jackson,  of  the  Massachusetts 
Institute  of  Technology. 
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The  resolutions  for  the  appointment  of  this  Joint 
Committee  seem  to  have  been  particularly  timely. 
Considerable  discussion  of  the  merits  and  demerits 
of  engineering  education  has  recently  been  running 
through  the  engineering  fraternity  and  it  has  entered 
into  the  meetings  of  the  professional  engineering  so- 
cieties. The  best  friends  of  the  engineering  schools 
have  exhibited  a  good  deal  of  discontent  with  the  re- 
sults accomplished,— vaguely  expressed  discontent,  to 
be  sure,  but  only  to  be  met  by  a  positive  and  frank 
effort  to  find  means  for  improvement.  The  American 
Society  of  Civil  Engineers  appointed  a  special  com- 
mittee to  study  the  problems  of  engineering  education 
at  its  last  annual  convention  held  in  July,  1907,  at 
the  City  of  Mexico.  This  committee  was  appointed 
as  the  result  of  a  letter  ballot  of  all  the  members  of 
the  society,  which  was  taken  in  response  to  resolu- 
tions introduced  at  the  aimual  convention  held  a  year 
earlier.  The  American  Institute  of  Electrical  Engi- 
neers passed  resolutions  at  its  annual  convention  of 
1907  proposing  the  appointment  of  a  committee  to 
study  electrical  engineering  education,  almost  simul- 
taneously with  the  convention  of  the  Society  for  the 
Promotion  of  Engineering  Education;  and  various 
members  of  the  American  Chemical  Society  and 
the  American  Society  of  Mechanical  Engineers  were 
discussing  and  urging  the  appointment  of  similar 
committees  by  their  societies.  It  is  obvious  that  a 
Joint  Committee  representing  all  the  aspects  of  engi- 
neering can  be  much  more  serviceable  to  engineering 
education  and  can  make  a  much  more  valuable  and 
authoritative    report   than   would   be    possible    for    a 
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committee  viewing  only  a  single  branch  of  the  sub- 
ject, and  that  the  various  committees  of  circumscribed 
view  might  perhaps  make  reports  based  on  insuffi- 
cient study,  and  the  net  results  might  be  without  much 
advantage  to  the  cause  at  heart.  The  now  fully 
formed  Joint  Committee  will  have  the  prestige  behind 
it  of  all  five  of  the  great  engineering  societies  and  will 
have  the  advantage  of  viewing  the  subject  from  every 
aspect  in  the  several  branches  of  the  profession.  It 
will  also  enjoy  the  aid  of  the  special  committee  of  the 
several  societies. 

Two  members  of  the  Joint  Committee  are  also  mem- 
bers of  the  special  committee  on  Engineering  Educa- 
tion of  the  American  Society  of  Civil  Engineers,  one 
being  chairman  of  that  committee;  and  two  other 
members  of  the  Joint  Committee  are  members  of  the 
special  Education  Committee  of  the  American  Insti- 
tute of  Electrical  Engineers.  Other  members  of  the 
Joint  Committee  have  been  looked  up  to  in  their  re- 
spective societies  as  representing  the  best  views  on 
education  and  have  been  the  centers  of  the  agitation 
for  the  appointment  of  committees  on  education.  It 
is  manifest  that  the  joint  committee  represents  the 
best  educational  impulses  of  each  of  the  professional 
societies. 

It  is  interesting  and  useful  to  look  at  the  per- 
sonnel of  the  committee  which  has  now  been  organ- 
ized with  Mr.  Desmond  FitzGerald  as  Chairman  and 
Dr.  Samuel  Sheldon  as  Secretary. 

Mr.  Desmond  FitzGerald  was  educated  at  Pliilips 
Academy,  Andover,  Mass.  He  has  had  a  distin- 
guished practice  as  an  hydraulic  engineer.     He  was 
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president  of  the  American  Society  of  Civil  Engineers 
for  the  term  of  1899-1900.  His  interest  and  contact 
with  engineering  education  is  indicated  by  his  ap- 
pointment to  the  chairmanship  of  the  special  com- 
mittee on  engineering  education  recently  established 
by  that  society  and  by  the  fact  that  he  is  a  life  mem- 
ber of  the  corporation  of  the  Massachusetts  Institute 
of  Technology.  His  distinction  as  an  engineer  and 
the  fact  that  he  is  chairman  of  the  committee  on  engi- 
neering education  of  the  old  and  distinguished  Ameri- 
can Society  of  Civil  Engineers  make  it  particularly 
fitting  that  he  should  be  chairman  of  the  Joint  Com- 
mittee.    His  residence  is  Brookline,  Mass. 

Mr.  B.  M.  Harrod,  who  is  Mr.  FitzGerald's  col- 
league from  the  American  Society  of  Civil  Engineers, 
graduated  from  Harvard  College  in  1856.  He  was 
president  of  the  American  Society  of  Civil  Engineers 
in  the  term  of  1897-8,  and  has  been  a  member  of  the 
Mississippi  River  Commission  since  1879.  He  was 
a  member  of  the  Isthmian  Canal  Commission  of  1904. 
Mr.  Harrod  is  notably  interested  in  the  improvement 
of  engineering  education.  He  is  a  member  of  the 
special  committee  on  engineering  education  of  the 
American  Society  of  Civil  Engineers.  His  residence 
is  New  Orleans,  La. 

Mr.  Frederick  W.  Taylor  prepared  for  college  at 
Phillips-Exeter  Academy  and  ultimately  entered 
Stevens  Institute  of  Technology  from  which  he  grad- 
uated in  1883.  He  is  doubtless  the  leading  expert  of 
the  country  on  the  subject  of  manufacturing  organi- 
zation. He  is  the  inventor  of  the  Taylor- White  proc- 
ess  of   treating   modern   high-speed   tool    steels,    for 
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which  he  was  personally  decorated  with  a  gold  medal 
at  the  Paris  Exposition  of  1900.     He  was  president  of 
the  American   Society   of  Mechanical   Engineers   for 
the  term  of  1905-1906  and  during  that  time  had  con- 
ferred upon  him  the  degree  of  doctor  of  science  from 
the  University  of  Pennsylvania  as  a  recognition  of 
his  distinction  as  a  mechanical  engineer.     His  presi- 
dential address  ''On  the  Art  of  Cutting  Metals"  is  a 
monument  to  experimental  research  and  scientific  in- 
ventiveness in  a  very  complex  and  difficult  subject. 
Mr.   Taylor's  keen  interest  in  engineering  education 
is  indicated  by  various  papers  and  discussions.     His 
residence  is  Philadelphia. 

President   Alexander    C.    Humphreys,    of    Stevens 
Institute  of  Technologj^,  graduated  in  1881  from  the 
institute  of  which  he  is  now  president,   and  became 
one  of  the  most  distinguished  gas  engineers  of  the 
country.     He  is  the  author  of  many  technical  papers 
and  since  becoming  the  president  of  Stevens  Institute 
of  Technology  in  1902  has  given  particular  attention 
to  improving  the  methods  of  engineering  education. 
Professor  Henry  M.  Howe,  one  of  the  members  of 
the  American  Institute  of  Mining  Engmeers   desig- 
nated a  member  of  the  Joint  Committee,  graduated 
from  Harvard  College  in  1869  and  from  the  Massa- 
chusetts Institute  of  Technologj^  in   1871.     He   is   a 
consulting  metallurgist  and  is  pVofessor  of  metallurgy 
m   Columbia  University.     He   was   president   of   the 
American  Institute  of  Mining  Engineers  for  the  term 
1893-1894.     He  is  a  metallurgist  of  great  distinction 
and  a  notable  author  on  metallurgy. 
Mr.  John  Hays  Hammond,  of  Xew  York,  Professor 
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Howe's  colleague  from  the  American  Institute  of 
Mining  Engineers,  graduated  from  Sheffield  Scien- 
tific School  in  1S76,  and  later  pursued  a  mining  course 
at  the  Royal  School  of  Mines,  Freiburg,  Saxony. 
He  has  been  called  upon  to  examine  mining  proper- 
ties in  all  parts  of  the  world.  He  was  mining  engi- 
neer and  expert  in  South  Africa  for  Mr.  Cecil  Rhodes. 
He  is  recognized  as  a  leading  mining  engineer  and  has 
also  given  attention  to  engineering  education  as  a 
patron  of  the  Sheffield  Scientific  School. 

Mr.  Charles  F.  Scott,  of  Pittsburg,  is  a  well-known 
electrical  engineer,  author  of  many  important  articles 
on  electrical  engineering  subjects,  and  a  successful 
inventor.  He  graduated  from  the  Ohio  State  Univer- 
sity in  the  arts  course  and  he  continued  in  graduate 
study  at  Johns  Hopkins  University.  He  is  now  con- 
sulting electrical  engineer  for  the  "Westinghouse 
Electric  and  Manufacturing  Co.  He  was  president 
of  the  American  Institute  of  Electrical  Engineers  for 
the  term  1902-1903  and  during  his  term  of  office  the 
magnificent  project  of  the  Engineering  Societies 
Building  in  Xew  York  was  put  on  foot.  Mr.  Scott  is 
a  member  of  the  special  committee  on  education  of  the 
American  Institute  of  Electrical  Engineers. 

Mr.  Scott's  colleague  from  the  American  Institute 
of  Electrical  Engineers  is  Dr.  Samuel  Sheldon  who 
graduated  from  Middlebury  College  in  18S3  and  ob- 
tained his  doctor's  degree  in  TTurtzburg,  Germany,  in 
1888.  He  is  professor  of  physics  and  electrical  engi- 
neering at  the  Polytechnic  Institute  of  Brooklyn,  and 
was  president  of  the  American  Institute  of  Electrical 
Ensrineers  for  the  term  of  1906-1907. 
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Mr.  Clifford  Richardson,  nominated  by  the  Ameri- 
can Chemical  Societj^  graduated  from  Hansard  Uni- 
versity in  1877,  and  has  since  been  continuously  in 
commercial  chemical  emplo}Tnent.  At  the  present 
time  he  is  the  proprietor  of  the  New  York  Testing 
Laboratory.  He  is  the  author  of  articles  of  impor- 
tance on  chemical  manufactures  and  has  been  active 
in  matters  relating  to  the  education  of  chemists  and 
chemical  engineers. 

His  colleague  from  the  American  Chemical  Society 
is  Professor  Henry  P.  Talbot,  the  well-known  pro- 
fessor of  inorganic  and  analytical  chemistry  and  head 
of  the  department  of  chemistry  and  chemical  engi- 
neering at  the  Massachusetts  Institute  of  Technology. 
Professor  Talbot  graduated  from  the  Massachusetts 
Institute  of  Technology  in  1885  and  received  his  doc- 
tor's degree  from  the  University  of  Leipsic  in  1890. 
He  is  the  author  of  various  publications  on  chemical 
subjects  and  has  deep  interest  in  the  development  of 
chemical  and  engineering  education. 

Professor  C.  L.  Crandall,  representing  the  Society 
for  the  Promotion  of  Engineering  Education,  is  one 
of  the  oldest  professors  of  civil  engineering.  He 
graduated  from  the  civil  engineering  course  at  Cor- 
nell University  in  1872  and  most  of  the  time  since 
then  he  has  been  a  teacher  in  the  department  of  civil 
engineering  at  that  university.  He  is  the  author  of 
various  publications  that  are  well  known  to  students 
of  civil  engineering.  He  was  president  of  the  Society 
for  the  Promotion  of  Engineering  Education  for  the 
term  of  1905-1906. 

Professor  James  M.  \Miite,  one  of  Professor  Cran- 
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dair?  eolleagnes  from  the  Society  for  the  Promotion 
of  Engineering  Edncation.  is  professor  of  architec- 
tural engineering  at  the  University  of  Illinois.  He 
has  been  acting  dean  of  the  engineering  school  at  the 
University  of  Illinois,  and  has  studied  the  problem 
of  engineering  edncation  from  the  point  of  view  of 
the  administrator. 

The  third  member  appointed  to  the  Joint  Com- 
mittee by  the  Society  for  the  Promotion  of  Engineer- 
ing Edncation  is  Professor  Dngald  C.  Jackson,  who 
has  been  temporary  secretary  of  the  Joint  Com- 
mittee. He  is  professor  of  electrical  engineering  at 
the  Massachusetts  Institute  of  Technology  and  was 
president  of  this  Society  for  the  term  of  19C>6-1907. 

The  importance  which  is  attached  by  the  member- 
ship of  the  engineering  societies  to  a  full  study  of 
engineering  education  for  the  purpose  of  bringing  it 
to  its  fullest  fruition  is  indicated  by  the  fact  that  no 
subject  has  heretofore  held  sufficient  interest  to  gain 
the  adhesion  of  all  of  these  societies  in  a  single  joint 
committee.  Also,  as  illustrating  the  fact  that  the 
leading  men  in  the  engineering  profession  are  now 
coming  to  give  much  attention  to  the  problems  re- 
lated to  engineering  education,  it  is  impressive  to 
observe  that  all  the  members  of  the  Joint  Committee 
appointed  by  the  five  invited  societies  are  mentioned 
in  the  book  known  as  "TTho's  "Who  in  America.**  and 
a  number  of  them  are  named  in  the  compilation  called 
** American  Men  of  Science."  Of  the  thirteen  mem- 
bers of  the  committee,  nearly  one  half  have  received 
the  degree  of  doctor  of  science  or  doctor  of  phOos- 
ophy.     Three    members    are    graduates    of    Harvard 
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University;  two  are  graduates  of  the  Massachusetts 
Institute  of  Technology;  three  or  more  spent  a  period 
of  graduate  study  in  foreign  engineering  schools  or 
universities;  two  members  are  graduates  of  or  have 
spent  a  period  of  graduate  study  at  Cornell  Univer- 
sity; and  two  are  graduates  of  Stevens  Institute  of 
Technology*.  A  gi-aduate  of  Sheffield  Scientific  School, 
a  gi'aduate  of  Ohio  St^te  University,  a  gi*aduate  of 
the  University  of  Illinois,  and  a  graduate  of  Pennsyl- 
vania State  College  complete  the  representation  of  the 
various  engineering  schools  whose  graduates  compose 
members  of  the  committee.  The  committee  includes 
one  member  of  the  faculty  of  the  University  of  Illi- 
nois, one  of  Coniell  University,  one  of  Columbia  Uni- 
versity, one  of  the  Polytechnic  Institute  of  BrookhTi 
and  two  of  Massachusetts  Institute  of  Technology 
besides  the  President  of  Stevens  Institute  of  Tech- 
nology. 

A  number  of  the  members  of  the  Joint  Committee 
appointed  by  the  professional  engineering  societies  are 
in  the  faculties  of  engineering  schools,  in  addition  to 
the  three  members  ap^Dointed  by  the  Society  for  the 
Promotion  of  Engineering  Education,  but  m  these 
instances  the  men  are  also  consulting  engineers  or 
adWsors  in  engineering  matters.  Several  other  mem- 
bers of  the  committee  are  counted  among  the  most 
distinguished  practising  engineers  in  their  respective 
branches.  A  balance  is  thus  obtained  iu  the  member- 
ship which  promises  a  remarkably  thorough  study  of 
the  important  questions  which  lie  in  the  province  of 
the  committee  and  augurs  well  for  an  influential  re- 
port. 
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The  committee  has  not  yet  held  a  formal  meeting,  but 
the  temporary  secretary  carried  on  a  large  amount  of 
correspondence  with  the  individual  members  besides 
consulting  personally  with  those  members  who  were 
within  reach,  and  the  organization  of  the  committee 
was  effected  thereby.  Mr.  Desmond  FitzGerald  and 
Dr.  Samuel  Sheldon  were  elected  permanent  chair- 
man and  permanent  secretary  of  the  committee  by 
letter  ballot.  The  members  of  the  committee  have 
also  considered  (and  expressed  their  views  in  regard 
to)  the  best  method  of  procedure  for  the  committee, 
and  the  belief  is  generally  expressed  that  a  careful 
study  of  statistics  relating  to  engineering  education 
is  needed  as  a  foundation  for  the  work  which  the  com- 
mittee must  do.  These  statistics  are,  for  the  most 
part,  yet  to  be  gathered,  and  for  this  reason  it  was 
suggested  that  the  interest  of  the  Carnegie  Founda- 
tion for  the  Advancement  of  Teaching  and  the  Gen- 
eral Education  Board  should  be  enlisted.  These 
bodies  are  in  touch  with  the  collegiate  educational 
movements  of  the  country  and  have  statistics  already 
in  hand  besides  having  suitable  vehicles  for  gathering 
additional  statistics.  It  was  decided  by  the  members 
of  the  committee  to  invite  President  Henry  S.  Prit- 
chett,  of  the  Carnegie  Foundation  for  the  Advance- 
ment of  Teaching,  to  become  a  member  of  the  joint 
committee  and  also  to  invite  the  General  Education 
Board  to  appoint  one  of  its  members  to  a  member- 
ship in  the  committee.  This  action  has  been  duly 
taken  by  the  committee  and  President  Pritchett  has 
already  expressed  his  willingness  to  cooperate.  We 
herewith  request  that  this  Society  approve  this  action 
of  the  committee. 
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In  carrying  out  the  work  of  the  committee  it  has 
been  proposed  to  hold  a  series  of  conferences  to  in- 
clude the  most  notable  teachers  in  the  various  branches 
related  to  engineering  as  well  as  those  not  engaged 
in  teaching  and  irrespective  of  whether  they  hold 
membership  in  the  committee  or  not.  This  would  be 
following  a  plan  somewhat  like  that  which  was  fruit- 
fully used  some  years  ago  by  the  Committee  of  Ten 
on  secondary  education,  appointed  by  the  National 
Educational  Association.  In  each  of  these  confer- 
ences a  member  of  the  joint  committee  would  be  ex- 
pected to  serve  as  chairman.  Subjects  submitted  to 
the  different  conferences  would  include  physics, 
mathematics,  applied  mechanics,  humanistic  subjects, 
and  various  professional  subjects.  This  arrange- 
ment should  direct  the  best  minds  upon  the  details  of 
the  field  to  be  studied  by  the  joint  committee  and  re- 
ports made  from  the  conferences  to  the  joint  com- 
mittee should  give  the  latter  an  opportunity  to  analyze, 
correlate  and  utilize  in  its  own  report  such  recom- 
mendations of  the  various  conferences  as  are  found 
desirable  to  introduce.  The  question  of  how  to  pay 
the  expenses  of  this  procedure  has  not  yet  been 
solved. 

Certain  other  important  matters  which  could  be 
wisely  considered  in  such  conferences  are:  the  char- 
acter of  preparation  most  desirable  in  a  student  about 
to  enter  an  engineering  course;  the  extent  to  which 
humanistic  (so-called  general  or  cultural  studies)  may 
be  advantageously  carried  on  before  and  in  connec- 
tion with  the  course  in  the  engineering  school ;  what 
are  the  proper  relations  between  young  graduates  and 
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their  employers,  with  special  reference  to  the  re- 
sponsibility of  the  engineering  school  for  atfording  a 
training  which  makes  efficient  men,  and  of  the  respon- 
sibility of  employers  for  the  exercise  of  discretion 
in  their  dealings  with  graduates  during  the  early 
years  of  their  employment;  a  consideration  of  the 
faults  of  the  average  young  men  who  graduate  from 
the  engineering  schools  with  a  ^-iew  toward  recom- 
mending changes  in  the  curricula  which  will  tend 
toward  a  correction  of  these  faults.  The  responsibil- 
ities of  the  engineering  schools  towards  the  progress 
of  industrial  education  referred  to  in  the  president's 
address  last  year  and  also  other  aspects  of  the  prob- 
lems before  the  committee  might  be  likewise  dealt 
with  fruitfully  in  such  conferences. 

The  general  opinion  of  the  members  of  the  com- 
mittee indicates  that  at  least  two  more  years  will  be 
required  to  carry  the  study  to  a  satisfactory  con- 
clusion. Meetings  of  the  committee  will  be  called  at 
the  earliest  practicable  moment  and  the  work  carried 
on  as  rapidly  as  the  conditions  will  permit. 

Samuel    Sheldon, 

Secretary. 

DUGALD     C.     JaCKSOX, 

Temporary  Secretary. 


THE  COURSES  IN  ENGLISH  IN  OUR  TECHNICAL 

SCHOOLS. 

BY    J.    MARTIN    TELLEN, 
Assistant  Professor  of  English,  Case  School  of  Applied  Science. 

Last  September  an  entrance  examination  brought 
forth  the  confession  from  a  high  school  student  that 
his  attitude  toward  English  was  due  to  his  regarding 
the  subject  as  being  "feminine."  This  case  is 
largely  typical  of  the  kind  of  students  we  deal  with 
in  our  freshman  work.  In  his  preparatory  training 
he  shirks  the  general  courses  in  behalf  of  the  science 
courses.  The  result  in  college  is  easily  imagined. 
The  tendency  of  the  student  is  so  to  concern  himself 
with  the  mechanical,  the  materialistic,  to  merge  him- 
self with  the  purely  technical,  as  to  consider  him- 
self above  all  the  endeavors  of  the  teacher  of  English. 
This  condition  in  our  work  is  responsible  for  the 
yearly  crop  of  articles  written  by  prominent  engi- 
neers on  the  deplorable  manner  in  which  the  members 
of  their  profession  express  themselves.  Between 
these  two  fires,  the  foolish  prejudices  of  the  immature 
undergraduates  and  the  just  criticisms  of  the  experi- 
enced engineers,  stands  the  teacher  of  English.  It 
is,  therefore,  not  surprising  to  hear  one  whose  experi- 
ence in  a  technical  school  is  now  of  the  past  make 
the  following  statement  in  a  recent  book:  ''It  is  a 
wholesome  experience  for  a  literary  man  to  have  to 
serve  his  time  in  a  technical  school,  where  the  stu- 
dents are  all  for  Science  and  the  Crafts  and  regard 
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Literatnre  and  Language  as  species  of  refined,  purga- 
torial requirements. ' ' 

The  status  of  the  course  in  English  in  our  tech- 
nical schools  is  largely  detennined  by  the  particular 
school  considered.  Comparative  data  would  be  of 
little  real  value  due  to  the  many  limiting  circum- 
stances. However,  certain  widely  different  policies 
are  worth  noting.  A  few  schools  offer  no  English 
instruction,  as  rigid  entrance  examinations  are  sup- 
posed to  exclude  those  who  are  incapable  of  expres- 
sing themselves  in  satisfactory  composition,  and  as 
any  lapse  into  incorrect  English  will  be  reduced  to 
a  minimum  by  the  perusal  of  text-books  and  the 
contact  with  teachers,  while  the  few  probable  cases  of 
persistent  violation  of  correct  expression  will  be 
overcome  by  faculty  cooperation.  In  several  of  the 
more  prominent  of  these  schools,  plans  have  been 
projected  to  lengthen  the  coui-se  by  requiring  from 
two  to  four  years  of  preliminary  college  training. 
Faculty  cooperation,  a  plan  which  does  away  with 
a  special  English  department  and  calls  upon  the 
teachers  of  all  departments  to  enforce  correct  com- 
position and  expression,  has  not  been  widely  enough 
adopted  to  warrant  particular  attention,  though  there 
has  been  no  dearth  of  advocates  of  the  system.  In 
the  large  majority  of  technical  schools  of  which  a 
department  of  English  is  a  part,  we  note  a  great 
divergence  of  equipment  and  of  courses.  Some  are 
most  deplorably  eciuipped;  others  have  a  large  and 
eflScient  corps  of  teachers,  who  have  ample  oppor- 
tunity to  realize  their  pui'pose.  Some  offer  only 
one   or  two   hours   in   freshman   composition;   others 
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require  composition  work  in  the  freshman  and  sopho- 
more j-ears,  offer  obligatory  and  optional  courses  in 
literature,  and  maintain  a  superintendence  over  the 
juniors  and  seniors  in  their  technical  composition 
work.  The  blame  for  the  insufficient  equipment  of 
many  of  our  schools  is  placed  on  the  divergent  ideals 
of  the  several  schools,  which  prevent  uniformity  in 
such  courses,  on  the  rapid  growth  of  most  schools, 
which  has  necessarily  caused  a  neglect  in  certain 
phases  of  the  work,  on  the  press  of  technical  work, 
which  has  already  produced  overburdened  schedules. 
So,  to  present  a  plan  for  universal  adoption  would 
be  folly.  The  real  question  is,  how  under  the  condi- 
tions existing  in  each  institution  can  the  course  in 
English  be  made  efficient. 

It  falls  to  the  lot  of  the  teacher  of  English  to  solve 
this  question.  He  has  no  ruts  of  tradition  to  guide 
him  in  his  course.  In  most  cases  he  is  a  pioneer. 
He  must  be  in  sympathy  with  the  ideals  of  his  school. 
In  his  relations  with  his  students  he  must  be  re- 
sourceful and  tactful.  No  particular  degree,  whether 
technical  or  academic,  is  a  guarantee  of  the  best 
training  for  this  post.  Were  I  to  give  broadly  the 
necessary  qualifications,  I  would  name  three:  a 
thorough  knowledge  of  the  essentials  of  composition, 
a  wholesome  appreciation  of  literature,  and  the 
ability  to  teach. 

The  problem  the  teacher  meets  with  in  his  students 
is  a  perplexing  one.  You  are  familiar  with  the  lamen- 
tations to  which  our  brother  instructors  in  academic 
institutions  give  utterance  when  they  contemplate  the 
preparatory   training   in   English   of   their   freshmen. 
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But  when  you  consider  our  freshmen,  who  in  most 
cases  have  not  taken  kindly  to  languages  and  litera- 
ture, as  previously  referred  to,  you  see  that  we  in 
the  technical  schools  are  well  justified  in  joining  their 
chonis  of  lamentation. 

The  fii'st  requisite  in  dealing  with  these  students 
is  to  enlist  their  interest  in  the  work.  Here  the 
words  of  the  engineer  come  not  amiss.  Harrington, 
Wardlaw,  Johnson,  Ennis,  and  Scott  are  a  few  whose 
plea  I  have  found  effective.  Their  arguments  are 
that  the  ability  to  express  oneself  correctly,  clearly, 
and  concisely  has  a  pecuniary  value,  develops  the 
power  of  initiative,  of  constructing,  of  composing— 
the  real  work  of  the  engineer  in  all  branches  of  his 
work— gives  him  the  ability  and  facility  of  communi- 
cating his  valuable  experiences  to  his  fellows,  an 
opportunity  which  many  fail  to  seize,  as  they  realize 
their  lack  of  training  for  such  expression.  The  im- 
port of  the  work  once  brought  home,  their  interest 
should  be  sustained  by  adapting  the  course  to  their 
present  and  future  needs. 

A  factor  which  determines  very  largely  the  kind 
of  course  the  teachers  can  give  is  the  number  of 
hours  assigned  them  by  the  makers  of  the  curriculum. 
If  but  a  few  hours  are  assigned  in  the  freshman  year, 
the  work  must  be  devoted  wholly  to  composition. 
The  larger  number  of  hours  assigned,  the  more 
literature  can  be  given.  However,  those  features 
of  an  English  course  which  tend  to  make  it  most 
efficient  are  not  recognized  by  the  hours  on  the 
schedule.  I  refer  to  personal  conferences  with  all 
students  taking  English,  special  courses  for  deficient 
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students,  and  the  active  cooperation  of  all  depart- 
ments with  the  department  of  English.  In  a  few  of 
our  schools  the  value  of  these  features  has  been 
proved;  in  others  they  figure  in  the  catalog,  but  not 
in  actual  practice. 

The  department  of  English  finds  its  justification 
in  its  purpose,  which  should  be  the  same  as  that  of 
the  school  itself.  Several  recent  writers  have  spoken 
of  this  as  being  threefold:  general  or  cultural,  scien- 
tific, and  technical  or  engineering.  All  three  of  these 
purposes  can  be  furthered  by  the  English  courses. 
To  do  this  the  teacher  must  impress  upon  his  stu- 
dents the  essentials  of  composition,  train  them  in 
clear  and  concise  expression  in  writing  and  in  speak- 
ing, correlate  as  far  as  possible  his  work  with  that 
of  the  other  departments,  and  finally,  cultivate  and 
develop  the   student's   taste   for  literature. 

Composition  demands  the  power  of  initiative.  It 
requires  not  only  the  assembling,  but  the  mastering 
of  material.  Etymologically  the  word  implies  the 
work  of  the  mechanic,  where  the  framework,  the  out- 
line, requires  an  arrangement  and  modifications  which 
are  nicely  determined  by  the  particular  object  the 
builder  may  have  in  ^dew. 

An  important  feature  of  composition  work  is 
illustrated  by  the  experience  of  one  of  my  students. 
Last  summer  while  employed  in  a  large  railroad 
shop,  he  was  called  upon  to  prepare  a  report  on  the 
cost  of  handling  certain  pieces  of  car  equipment. 
Ver\'  conscientiously  he  submitted  a  detailed  report 
expressed  in  several  well-written  paragraphs.  The 
superintendent  called  him  to  task  for  presenting  so 
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cumbersome  a  report  and  then  kindly  picked  out  the 
essentials,  which  were  put  into  a  table.  In  the 
latter  form  the  entire  content  was  evident  at  a 
glance,  where  formerly  it  was  to  be  had  at  the  ex- 
j3ense  of  considerable  time.  Both  were  compositions, 
but  the  pui'i^ose  for  which  the  report  was  intended 
commended  the  table  of  figures  as  being  far  superior 
to  a  composition  in  the  generally  accepted  paragraph 
form. 

To  encourage  expression  the  teacher  finds  it  feasible 
to  assign  subjects  in  which  the  students  are  partic- 
ularly interested — problems  of  undergraduate  inter- 
est, local  political  questions,  technical  topics,  ques- 
tions suggested  by  the  required  reading  course  in 
literature.  Timely  subjects  of  interest  afford  as 
pertinent  problems  to  solve  in  composition  and  as 
excellent  a  drill  in  expression  as  do  those  subjects 
which  require  research  work  in  encyclopedias  and 
other  reference  books  of  the  library.  While  a 
knowledge  of  reference  books  is  to  be  encouraged,  it 
should  not  be  done  at  the  expense  of  the  student's 
interest  in  theme  work.  Again,  whenever  any  fea- 
ture of  composition  is  discussed  in  class  and  the 
teacher  wishes  to  have  its  import  brought  home,  it 
is  well  to  embody  it  in  a  theme  subject.  Among 
the  subjects  the  speaker  has  used  might  be  men- 
tioned: ''The  Essentials  of  Technical  Composition," 
''The  Eelative  Merits  of  DiagTams  and  Photogi'aphs, " 
"The  Value  of  a  Bibliography,"  "The  Use  of  the 
Card  System,"  "My  System  of  Xote  Taking,"  and 
"The  Qualities  of  a  Good  Speech." 

If   talks    are    required,    and   class-room    experience 
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has  taught  me  their  value,  the  principles  voiced  by 
Honorable  Balfour  in  a  recent  address  to  the  students 
of  the  University  of  Edinborough  should  be  insisted 
on.  The  gist  of  his  ideas  is  that  the  art  of  public 
speaking  is  simply  the  art  of  public  conversation 
raised  to  a  higher  level. 

The  subjects  just  referred  to  have  already  brought 
us  to  the  third  purpose  of  the  English  course— to 
correlate  the  work  with  that  of  the  other  departments. 
Taking  notes,  writing  shop  reports,  making  speeches, 
constructing  bibliographies  are  valuable  aids  to  the 
student  in  all  his  work.  The  constructing  of  bibliog- 
raphies should  acquaint  him  not  only  with  the  gen- 
eral bibliographies,  such  as  ''Poole's,"  ''The  A.  L. 
A.,"  ''The  Reader's  Guide,"  but  with  the  specially 
scientific  and  technical,  such  as  "The  Engineering 
Index,"  "Science  Abstracts." 

Personally,  I  believe  that  argumentation  and  debate 
should  be  included  in  the  English  course.  In  mathe- 
matics the  student  receives  ample  drill,  it  seems,  in 
pure  argumentation.  However,  he  is  not  acquainted 
with  formal  logic  and  its  application  in  debate.  Then 
in  his  recitations,  lectures,  and  society  meetings  he 
frequently  has  discussed  the  comparative  value  of 
processes,  machines,  etc.  This  affords  the  teacher 
excellent  material  for  the  selection  of  propositions 
from  which  technical  briefs  can  be  drawn  up.  The 
future  advantage  in  argumentative  work  to  technical 
salesmen,  managers,  and  superintendents  is  quite 
evident. 

The  valuable  aid  rendered  by  the  courses  in  modern 
languages  is  too  obvious  to  need  detailed  mention. 
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The  fourth  and  final  purpose  of  the  English  course 
is  to  instil  and  cultivate  in  the  student  a  love  for 
literature.  It  is  this  feature  of  the  English  depart- 
ment where  we  notice  the  greatest  divergence  of 
opinions  and  of  methods.  In  some  schools  no  litera- 
ture is  taught;  in  others  it  is  taught  by  recitations 
or  lectures,  or  by  both;  in  some  schools  it  is  incor- 
porated with  the  composition  work;  in  others  reading 
lists  are  resorted  to.  These  methods  are  not  divorced 
from  each  other,  for  we  find  every  possible  combina- 
tion; in  fact  in  a  few  schools  all  of  these  methods 
are  used.  It  is  a  noteworthy  fact  that  the  elective 
courses  in  literature  are  as  a  rule  well  patronized. 
Of  all  the  students  eligible  to  these  courses,  one  of 
our  schools  reports  an  enrollment  of  seventy  per 
cent,  in  the  sophomore  year  and  thirty-eight  per 
cent,  in  the  junior;  a  second,  thirty-three  to  fifty  per 
cent,  in  all  the  upper  classes. 

In  selecting  books  for  the  literature  courses  the 
teacher  must  give  evidence  of  considerable  discretion. 
Should  poetry  be  included;  if  so,  to  what  extent? 
Should  writers  of  belles-lettres  monopolize  the  whole 
course?  Should  scientific  and  technical  writers  be 
included!  What  attention  should  be  given  Ruskin, 
Morris,  Fiske,  and  others  who  have  considered  science 
and  technical  works  in  their  broader  aspects?  In 
spite  of  the  best  intention  of  the  teacher  he  neces- 
sarily runs  a  risk  of  selecting  books  which  prove  a 
benefit  to  one  student  and  a  bane  to  another.  How- 
ever, each  book  should  have  a  substantial  merit,  to 
which  the  student's  attention  should  be  called. 

Furthermore,  the  selection  of  literature  and  the 
teaching  based  on  it  should  have  the  purpose  of  indi- 
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eating  that  the  study  of  literature  does  not  carry 
with  it  the  memorizing  of  the  editor 's  notes ;  that 
poetry  is  neither  doggerel  nor  the  average  magazine 
verse;  that  all  history  is  not  a  series  of  paragraphs, 
in  which  the  unpronounceable  names  and  the  re- 
fractory dates  are  the  most  prominent  features;  that 
all  scientists  and  technical  men  have  not  dealt  wholly 
in  class-room  facts  and  theories;  and,  that  the  biog- 
raphies of  our  great  inventors  and  other  scientists 
afford  as  inspiring  interest  as  do  our  "best  sellers." 
In  other  words,  the  teacher  must  endeavor  to  root  out 
prejudices,  which,  unfortunately,  are  too  commonly 
found  in  his  freshmen.  Those  poets  should  be 
selected  who  have  given  an  aj^preciation  of  life  which 
readily  appeals  to  the  undergraduate.  The  time  and 
effort  necessary  to  appreciate  Milton's  art  and  con- 
ception of  life  is  better  expended  on  Shakespeare. 
And  this  principle  applies  to  the  majority  of  writers 
found  in  the  literature  courses  of  the  academic 
curriculum. 

Such  a  course  in  literature  should  be  conducted  as 
personally  as  possible.  The  student  should  have  the 
option  of  and  the  aid  in  choosing  those  books,  the 
nature  of  which  will  particularly  appeal  to  him.  As 
I  said  before,  the  object  should  be  to  instil  and  culti- 
vate, for  some  students  have  not  passed,  in  fact  never 
will  pass,  through  the  A,  B,  C's  of  literature  appre- 
ciation, while  others  who  take  naturally  to  reading, 
whose  reading  has  already  been  extensive  should  be 
encouraged  to  read  more  intensively. 

From  what  has  been  said  it  will  be  inferred  that 
the  speaker  is  in  favor  of  a  literature  course.  The 
reasons  why  he  would  urge  the  general  adoption  of 
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such  courses  are  that  the  study  of  literature  aids  com- 
position work,  affords  a  foiTu  of  recreation,  which  is 
the  natural  component  of  his  technical  education,  and 
acquaints  him  with  that  common  heritage  of  man- 
kind, for  which  Huxley  in  his  several  essays  on 
education  has  frequently  made  eloquent  pleas.  On 
one  occasion  he  said:  "I  am  the  last  i>erson  to  ques- 
tion the  importance  of  genuine  literary  training,  or 
to  suppose  that  intellectual  culture  can  be  complete 
without  it.  An  exclusively  scientific  training  will 
bring  about  a  mental  twist  as  sui'ely  as  an  exclusively 
literary  training."  And  it  would  be  an  easy  task  to 
produce  statements  of  our  prominent  engineers  of 
to-day  to  support  this  contention  of  Huxley's. 

In  this  indication  of  the  fourfold  purpose  of  the 
courses  in  English— to  enforce  the  essentials  of  com- 
position, to  train  the  students  in  correct  expression, 
to  correlate  the  work  with  that  of  other  departments, 
and  to  develop  an  appreciation  of  literature— it  will 
be  seen  that  I  firmly  believe  the  work  should  be 
practical.  As  Mr.  Benson  says  in  his  ''From  a  Col- 
lege Window":  ''My  own  theory  is  a  simple  one,  I 
think  we  ought  first  of  all  to  equip  the  students, 
as  far  as  we  can.  to  play  a  useful  part  in  the  world. 
.  .  .  The  further  task  that  lies  before  us  educators, 
when  we  have  trained  a  mind  to  be  useful,  consists  in 
the  awakening,  in  whatever  region  may  be  possible. 
of  the  soul.  By  this  I  do  not  mean  the  ethical  soul, 
but  the  spirit  of  fine  perception  of  beauty,  of  generous 
admiration  of  what  is  noble  and  true  and  high. ' ' 

Finally,  what  is  needed  in  the  English  work  in 
our  technical  schools? 

In  the  first  place,   more  individual  work  with  the 
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students,  both  in  composition  work  and  in  the  study 
of  literature.  ^Miile  I  have  unjustly  placed  too  much 
emphasis  on  a  certain  narrow-minded  type  found  in 
our  technical  schools,  I  have  passed  by  our  goodly 
share  of  students  who  for  a  logical  and  clear  presen- 
tation of  a  subject,  for  a  keen  appreciation  of  litera- 
ture vie  favorably  with  their  fellows  in  academic 
institutions.  Neither  class  is  to  be  neglected.  To  be 
obliged  to  treat  all  the  students  as  a  single  unit  is  an 
imposition  on  both  student  and  teacher.  AVhen  we 
bear  in  mind  that  each  subject  in  composition  in- 
volves certain  problems  to  be  solved,  we  feel  justi- 
fied in  saying  that  such  work  requires  as  much  indi- 
didual  attention  as  does  descriptive  geometry.  The 
marginal  corrections  cannot  command  the  attention 
of  the  student  that  do  the  spoken  criticism  and  coun- 
sel of  the  teacher. 

Then  in  the  case  of  literature  study,  I  believe  that 
personal  discussions  of  the  books  assigned  for 
home  reading  will  prove  more  satisfactory  than  will 
written  examinations.  Such  examinations  call  for 
either  answers  that  test  the  student's  knowledge  of 
the  contents  or  appreciations  of  the  book  as  a  whole. 
The  first  plan  defeats  the  real  purpose  of  literature 
study;  the  second  produces  too  frequently  a  general- 
ized appreciation  couched  in  the  commonest  and  most 
inexpressive  adjectives.  Knowing  the  taste  of  the 
student,  the  teacher  is  enabled  not  only  to  learn  how 
the  books  have  been  read  and  with  what  degree  of 
wholesome  interest,  but  to  offer  such  criticism  as  the 
individual  student  needs.  A  fortunate  reply  to  this 
proposal  is  found  in  the  fact  that  in  many  of  our 
schools  the  department  of  English  is  being  increased 
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SO  as  to  make  possible  more  individual  work.  How- 
ever, in  the  great  majority  of  cases,  the  English 
work  is  handicapped  by  the  many  recitations  honrs 
required  of  the  teacher  and  the  excessive  amount  of 
theme  correction  expected  of  him.  Well  defined  poli- 
cies as  to  the  amount  of  work  for  each  teacher  are 
evident  in  many  quarters.  In  one  institution  three 
sections  consisting  each  of  about  thirty  men,  each 
section  meeting  twice  a  week,  are  assigned  to  one  in- 
structor. A  table  of  statistics  of  the  equipment  of 
the  English  courses  would  reveal  why  our  technical 
graduates  too  commonly  leave  college  with  their  no- 
torious inability  to  meet  the  requirements  in  expres- 
sion demanded  of  them. 

The  second  and  final  need  that  I  would  emphasize 
is  that  of  the  hearty  and  active  coojDeration  of  all 
departments  with  that  of  English.  Several  of  our 
western  universities  have  adopted  rules,  which  oblige 
any  student  who  submits  any  written  work  deficient 
in  correct  expression  to  receive  further  instruction 
in  English.  Many  of  our  teachers  of  science  sub- 
tract from  the  grade  for  misspelled  scientific  words, 
while  others  "  mark  down  for  such  bad  handwriting 
and  such  gross  violations  of  the  rules  of  English  com- 
position as  may  interfere  with  clearness  and  definite- 
ness  of  expression."  Then  there  are  the  special 
courses  for  upper  classmen  who  have  been  found 
deficient  in  correct  expression  by  the  teachers  of  the 
several  departments.  In  Massachusetts  Institute  of 
Technology  this  course  has  an  enrollment  of  from 
three  to  twenty  members.  If  a  premium  be  placed 
on  clear,  concise,  and  correct  expression  throughout 
the  entire  college  course,  the  educators  will  not  need 
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to  apologize  for  this  neglected  phase  of  the  gradu- 
ate's training. 

In  conclusion,  I  would  say  that  our  technical  schools 
are  alive  to  the  situation.  Every  year  we  notice 
decided  improvements.  One  institution  is  dividing 
the  classes  into  sections  according  to  the  student's 
ability  in  the  use  of  English.  The  same  institution 
announces  that  a  technical  graduate  has  been  added 
to  its  corps  of  instructors.  Another  scientific  school 
is  having  erected  a  new  building,  in  which,  it  seems, 
the  floor  given  over  to  the  department  of  English  has 
been  so  arranged  as  to  facilitate  personal  conference 
work.  These  are  only  a  few  of  this  yeai*'s  innova- 
tions which  go  to  prove  conclusively  that  the  Eng- 
lish work  in  engineering  schools  is  keeping  abreast  of 
technical  education,  as  the  opportunity  for  such  ad- 
vancement is  made  possible. 

Xote.— This  paper  was  discussed  with  the  following 
paper  (see  pages  84-97). 


RESULTS    OF    AN    EXPERIMENT    IN    TEACHING 
FRESHMAN    ENGLISH. 

BY    WILLIAM    KENT, 
Late  Dean  of  the  College  of  Applied  Science,  Syracuse  University. 

It  is  a  common  complaint  in  engineering  colleges 
that  students  entering  the  freshman  class  have,  on  the 
average,  no  better  knowledge  of  how  to  write  an 
ordinary  English  composition  than  they  might  be 
expected  to  have  on  entering  the  high  school  four 
years  earlier.  It  is  therefore  necessary  to  teach  in 
the  college  the  kind  of  English  composition  that 
should  have  been  taught  in  the  high  school. 

Two  questions  arise  in  regard  to  the  teaching  of 
English  in  the  college:  (1)  How  should  the  subject 
be  taught?  (2)  How  can  the  efficiency  of  the  teaching 
be  measured?  In  discussing  the  first  question  with 
Professor  R.  C,  Congdon,  head  of  the  English  de- 
partment in  the  College  of  Applied  Science,  Syracuse 
University,  a  year  ago,  the  writer  stated  his  ideas  on 
the  subject  about  as  follows:  That  the  whole  time 
given  to  English  in  the  freshman  year  should  be 
devoted  to  teaching  common  English  composition  of 
the  kind  that  an  engineer  would  be  called  upon  to 
write  in  his  everyday  practice;  that  the  subject  mat- 
ter of  a  student's  composition  should  be  within  the 
range  of  this  own  knowledge;  that  particular  atten- 
tion should  be  paid  to  spelling,  to  punctuation,  to 
paragraphing,  to  grammar  and  rhetoric,  and  that  in 
style  of  diction  the  one  thing  to  be  aimed  at  was 

(74) 
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clearness.  Also,  that  the  art  of  literary  criticism  of 
one's  own  compositions  should  be  taught  by  having 
the  students  criticise  the  work  of  their  fellow  students. 

In  regard  to  the  second  question,  how  can  the  effi- 
ciency of  the  teaching  be  measured,  the  writer's  idea 
was  expressed  in  a  memorandum  handed  to  Professor 
Congdon  a  year  ago,  from  which  the  following  is 
quoted : 

''First  Exercise  for  the  Class  in  Freshman  Eng- 
lish.—Have  each  student  write  in  class  a  400-word 
essay  on  the  subject:  'Why  does  the  average  student 
hate  English?'  Explain  that  the  subject  is  given  first, 
to  get  the  freshman's  ideas  on  the  subject;  and, 
second,  to  get  an  idea  of  the  ability  of  each  student 
to  write  good  English  composition  on  a  subject  with 
which  he  is  familiar.  State  that  grading  will  be  done, 
not  on  the  ideas,  but  on  the  other  merits  of  the  essay, 
including  neatness,  penmanship,  punctuation,  spelling, 
grammar,  rhetoric,  logic  and  style.  The  style  to  be 
aimed  at  is  that  of  a  clear  and  dignified  newspaper 
or  magazine  article. 

''Second  Exercise.— A  week  later,  before  grading, 
hand  the  essay  of  each  man  to  the  next  man  in  the 
class,  in  alphabetical  order,  and  ask  him  to  criticise 
it  for  spelling,  iDimctuation,  grammar  and  rhetoric, 
making  critical  marks  where  he  finds  errors,  to  make 
on  a  separate  piece  of  paper  a  list  of  the  words  mis- 
spelled, and  to  copy  what  he  considers  the  worst 
sentence  from  a  rhetorical  point  of  view. 

"Second  Trial.— Hold  these  compositions  until  the 
end  of  the  year.  In  May,  ask  the  students  to  write  a 
new  composition  on  'Freshman  English.  In  what 
way    does    it    differ    from    High    School    English? 
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Changes  I  would  suggest  in  the  methods  of  teaching 
High  School  English.'  Have  the  new  compositions 
criticised  in  the  same  way  as  the  first  set,  and  make 
a  statistical  comparison  of  the  two  sets." 

In  August,  1907,  I  wrote  some  additional  sugges- 
tions to  Professor  Congdon,  from  which  I  quote : 

*'In  the  second  exercise,  when  the  students  criticise 
the  work  of  their  fellows,  I  would  ask  them  to  grade 
the  papers  on  the  basis  of  ten  for  each  of  the  following 
points:  (1)  penmanship;  (2)  spelling;  (3)  punctua- 
tion and  capitalization;  (4)  grammar  and  rhetoric; 
(5)  general  excellence  of  the  argument  and  method  of 
treatment  of  the  subject;  making  fifty  points  in  all. 
One  point  should  be  deducted  for  each  error  in  spell- 
ing, punctuation  and  capitalization;  the  other  points 
being  graded  on  a  scale  of  ten  according  to  the  stu- 
dent's own  idea  of  grading. 

*'At  the  next  meeting  of  the  section  the  papers 
should  each  be  handed  to  the  next  man  in  alphabetical 
order,  and  he  should  go  over  the  work  of  the  first  man 
to  find  whether  he  had  made  any  mistakes  or  omis- 
sions. He  should  also  pick  out  what  he  considers  the 
worst  sentence,  or  if  he  agrees  with  the  first  man, 
then  pick  out  what  he  considers  the  second  worst 
sentence.  The  two  grading  reports  on  each  paper 
should  be  averaged  and  the  results  tabulated.  The 
instructors  might  then  take  the  papers  and  select 
from  them  the  twenty  per  cent,  having  the  lowest 
marks,  for  the  purpose  of  critical  study,  and  the  five 
per  cent.  ha\^ng  the  highest  marks,  which  might  pos- 
sibly serve  as  models  of  good  composition.  The  re- 
ports of  the  students'  criticism  of  the  worst  sentences 
should  then  be   gone   over,   and   all   those   sentences 
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which  the  instructors  thought  especially  bad  should 
be  ruimeographed  and  furnished  to  the  students  for 
further  exercises. 

''A  similar  work  should  be  done  on  the  papers 
written  near  the  end  of  the  year,  and  the  average 
grading  at  the  beginning  and  end  of  the  year  com- 
pared to  show  the  improvement,  if  any.  A  list  of  all 
the  words  misspelled  in  the  two  sets  of  papers  should 
be  made,  with  the  number  of  times  each  word  had 
been  found  misspelled.  This  will  show  what  im- 
provement had  been  made  in  spelling  and  also  what 
words  are  most  persistently  misspelled.  These  words 
might  be  printed  for  use  as  a  spelling  book  for  the 
next  year's  class." 

The  suggestions  quoted  above  were  adopted  by 
Professor  Congdon,  with  a  few  slight  modifications, 
and  the  results,  which  show  a  most  gratifying  suc- 
cess, are  given  in  a  report  by  him,  as  follows : 

In  an  attempt  to  test  the  comparative  ability  to 
write  English,  of  students  entering  English  (I.),  L.  C. 
Smith  College  of  Applied  Science,  Syracuse  Univer- 
sity, and  of  those  finishing  the  course,  themes  were 
required  to  be  written  on  a  given  subject  in  Septem- 
ber, 1907,  and  in  June,  1908;  these  themes  were 
corrected  according  to  a  prescribed  method,  and  the 
resulting    grades    were    averaged    and    compared. 

Each  of  these  themes  was  corrected  twice  by  dif- 
ferent students  and  the  results  were  averaged.  To 
render  the  test  more  valuable,  ten  sets  of  two  papers 
each,  written  by  the  same  students  at  the  beginning 
and  at  the  end  of  the  year  respectively,  but  selected 
entirely  at  random,  were  graded  carefully  by  Pro- 
fessor Congdon,  according  to  the  method  prescribed 


for  student  correction,  and  the  results  were  averaged 
with  those  obtained  by  the  students.  The  themes 
were  from  500  to  800  words  in  length;  were  written 
in  the  class-room  without  help  or  previous  announce- 
ment; the  time  allowed  was  two  hours.  At  the  be- 
ginning of  the  year,  the  subject  assigned  was,  *'My 
Impressions  of  Syracuse  University,''  at  the  end  of 
the  year,  ''My  Impressions  of  Syracuse  University  at 
the  End  of  My  Freshman  Year." 

In  correction,  ten  per  cent,  was  allowed  for  penman- 
ship and  appearance  of  theme,  twenty  per  cent  for 
sentence  stmcture,  twenty  per  cent,  for  spelling, 
twenty  per  cent,  for  punctuation  and  capitalization, 
and  thirty  per  cent,  for  general  excellence  of  thought 
and  treatment.  Five  mistakes  in  sj^eUing,  or  ten  in 
punctuation  and  capitalization,  were  enough  to  take 
away  all  credit  of  these  points.  Of  the  one  hundi'ed 
and  thirty  men  who  began  the  work  in  English  (I.), 
seventy-nine  remained  until  the  end  of  the  year.  The 
work  of  the  fifty-one  who  did  not  remain  was  not 
considered. 

The  percentages  showing  improvement  in  the 
grades  of  themes  as  wholes,  in  spelling,  and  in 
punctuation  and  capitalization,  are  given  below.  In 
considering  these  grades,  it  should  be  remembered 
that  the  students  were  much  more  severe  critics  at  the 
end  of  the  year  than  at  the  beginning,  and  that  the 
first  themes  were  written  as  part  of  an  examination 
while  the  second  themes  were  not. 

Ayiibage  Gbades  of  TnziiES  as  Wholes. 

September,  1907.  June,  190S. 

Marked  by  students    75.8  per  cent.         Sl.O  per  cent. 

Marked  by  Professor  Congdon 62.5         "  S6.2 
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AvEBAGE  Grades  in  Spelling,  Five  Misspelled  Words  Giving  Zero. 

September,  1907.  June.  1908. 

Marked  by  students   44.8  per  cent.  82.7  per  cent. 

Marked  by  Professor  Congdon 52.0         "  86.0         " 

Average  Grades  in  Punctuation  and  Capitalization, 
Ten  Mistakes  Giving  Zero. 

September,  1907.  June.  1908. 

Marked  by  students   66.5  per  cent.         78.7  per  cent. 

Marked  by  Professor  Congdon   59.2         "  83.3         " 

Average  of  All  Marks. 

September,  Percentage  of 

1907.  June,  1908.        Improvement. 

Themes  as  wholes   69.3  per  cent.  83.6  per  cent.    20  per  cent. 

Spelling   48.4        "  84.3        "           74 

Punctuation  and  capitalization  62.8        "  81.0        "           29        " 

The  following  table  gives  the  original  satistical  re- 
port, from  which  the  above  table  is  a  summary: 

English  I. — L.  C.  Smith  College  of  Applied  Science. 
Results  of  comparisons  made  between  work  done  in  September,  1907, 
and  June,  1908,  respectively. 

Books   marked   by   students.     Each   marked   twice   and   the   results 
averaged. 

Professor  Congdo7i's  Sectio7is. 

Students  remaining  throughout  year,  43.  Students  present  part  of  year,  23, 

September,  1907.   June.  1908.  September,  1907. 

74.3  fi  82.6  ^  Average  standing.  68  <( 

113  32  Misspelled  words.  74 

73  }i  87.4  ^        Punctuation  and  capitalization.        69  i 

Mr.  Baebenroth's  Sections. 

Students  remaining  to  end  of  year,  36.  Students  present  part  of  year,  2-> . 

September,  1907.   June,  1908.  September,  1907, 

77.3^  79.4  )<  Average  standing.  74.4^ 

105  37  Misspelled  words.  149 

60  ji  70^  Punctuation  and  capitalization.        61.7  ji 

Average  of  Books  Graded  by  Students. 

Students  remaining  throughout  year.  79.  Students  present  part  of  year,  51. 

September,  1907.   June,  1908.  September,  1907. 

75.8  j<  81  "i  Average  standing.  71.2  j< 

218  69  Misspelled  words.  223 

2.76  0.87  Do. — average  per  student.  4.37 

66.5  ^  78.7  <        Punctuation  and  capitalization.        65.3  ^ 

(9) 
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A  Comparison  of  Ten  Books  Written  in  September  with  the  Ten  Written 

by  the  Same  Men  in  June.     Books  Chosen  Entirely  at  Random,  from 

Different  Sections,  and  Comparison  made  by  Professor  Congdon. 

Average   standing. 

Misspelled  words. 

Punctuation  and  capitalization. 

Average  of  All  Marks. 

Grades  on  themes  as  a  whole. 

Improvement  in  spelling. 

Punctuation  and  capitalization. 

One  of  the  most  important  conclusions  of  this  ex- 
periment is  that  the  number  of  bad  spellings  made 
by  a  class  can  be  reduced  two  thirds  by  systematic 
training  for  one  college  year. 

The  following  is  a  list  of  misspellings  which  the 
writer  has  collected  during  the  last  four  years  from 
papers  that  have  come  under  his  notice. 


September,  1907. 

June,  1908. 

62.5  ^ 

86.2^ 

24 

7 

59.2;^ 

83.3^ 

September,  1907. 

June,  1908. 

G9.3^ 

83.6^ 

68.6  ^ 

62.8^ 

81;^ 

List  of  Misspellings. 


1.  absorbtions. 

2.  absorbes. 

3.  accessability. 

4.  accommadate. 

5.  accompaning. 

6.  accurasy. 

7.  addapted. 

8.  addmission. 

9.  adibatic   (adiabatic), 

10.  adition. 

11.  advanse. 

12.  ancher. 

13.  angcor. 

14.  antharcite. 

15.  anthricite. 

16.  anxity. 

17.  anyletical. 

18.  appendicities. 

19.  Applachian. 

20.  Applichian. 


21.  aquires. 

22.  ariving. 

23.  auxilary. 

24.  auxialiary. 

25.  auxiliary. 

26.  baffel. 

27.  barron  (barren). 

28.  begining. 

29.  bitumous. 

30.  boarder   (for  border). 

31.  bredth. 

32.  calcalus. 

33.  callory    (for  calorie). 

34.  centagrade. 

35.  centeral. 

36.  coak. 

37.  coeffecient. 

38.  cokeing. 

38.  colapsed. 

39.  colege   (by  a  professor), 
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40. 

colledge. 

83. 

gallions. 

41. 

combusted   ( for  burned ) . 

84. 

guage. 

The  spelling  may  be  right,  but 

85. 

hole   (for  whole). 

the  word  is  a  barbarism. 

86. 

horozontal. 

42. 

consederable. 

87. 

indefinately. 

43. 

conserning. 

88. 

indispensible. 

44. 

corosion. 

89. 

innitial. 

45. 

corrossion. 

90. 

insoluable. 

46. 

comparitive. 

91. 

instulation. 

47. 

diagriam. 

92. 

investations. 

48. 

cord  (for  chord). 

93. 

kenetic. 

49. 

eoresponding. 

94. 

klongomerate. 

50. 

corrponding. 

95. 

lapp   (for  lap). 

51. 

crusier. 

96. 

latter   (for  later) . 

52. 

cruisier. 

97. 

lenght. 

53. 

crusser. 

98. 

libility. 

54. 

dimonds. 

99. 

liquidfaction. 

55. 

definate. 

100. 

londitudinal. 

56. 

dependant   (adjective). 

101. 

mantanance. 

57. 

deterimations. 

102. 

marvlous. 

58. 

differance. 

103. 

mathmatics. 

59. 

diffrence. 

104. 

mathamatics. 

60. 

dissapear. 

105. 

meny. 

61. 

distroy. 

106. 

milion. 

62. 

dore  ( for  door ) . 

107. 

Mossouri. 

63. 

duribility. 

108. 

occured. 

64. 

easyly. 

109. 

accured. 

65. 

econimical. 

110. 

accoured. 

6G. 

effecient. 

111. 

occurres. 

67. 

effect   (for  affect). 

112. 

occuppied. 

68. 

elegible. 

113. 

olifant   (for  defiant. 

69. 

ellevation. 

114. 

olifiant. 

70. 

enterance. ")  Both  spellings  by 

115. 

ommission. 

71. 

enterence.  J      the  same  man. 

116. 

opperation. 

72. 

erea  (area). 

117. 

oppurtunity  (by  a  graduate) 

73. 

errecting. 

118. 

oprate. 

74. 

examinanions. 

119. 

origional. 

75. 

examanations. 

120. 

overhalled  ( hauled ) . 

76. 

explaination. 

121. 

partical    (le). 

77. 

e.xplination. 

122. 

peer   (for  pier). 

78. 

exaust. 

123. 

persuing. 

79. 

failure. 

124. 

petroluim. 

80. 

fallicy. 

125. 

phenomona. 

81. 

fireing. 

126. 

plane    (for  plain) . 

82. 

furthmore. 
(10) 

127. 

pointe. 
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12S. 

practise   (noiin.  for  practice). 

162.  stoping    (for  stopping) 

The  Standard  Dictionary 

un- 

163.  stubstance. 

fcrtunatelv  authorizes 

this 

164.  substracting. 

spelling,  although  the 

best 

165.  sufficently. 

usage  of  the   last  hundred 

166.  suggar. 

years    is    against   it. 

The 

167.  superintendant. 

other       dictionaries 

give 

168.  sutiable. 

"  practice." 

169.  terific. 

129. 

preceivable. 

170.  t«ndancy. 

130. 

preform. 

171.  tendansy. 

131. 

preperation  (by  a  high-school 

172.  tendencies. 

principal) . 

173.  Tenesee. 

132. 

presents   (for  presence). 

174.  Tenessee. 

133. 

primative. 

175.  tention. 

134. 

principal   (le). 

176.  temprature. 

135. 

proffessor. 

178.  thanksgiven. 

136. 

Quebeck. 

179.  theoritical. 

137. 

racio   (ratio). 

ISO.  thoughout. 

138. 

realy. 

ISl.  throttleing. 

139. 

reciered. 

182.  togeather. 

140. 

reck   (for  wreck). 

183.  tortion. 

141. 

recomend. 

184.  transmit  ion. 

142. 

refering. 

185.  tripple. 

143. 

regrarding. 

186.  trippel. 

144. 

repersenting. 

187.  trible. 

145. 

reveled   (for  revealed). 

188.  trignometry. 

146. 

reveiled   (for  revealed) . 

189.  untill. 

147. 

rhoestadt   (rheostat). 

190.  volitile. 

148. 

rivitters. 

191.  Tolotile. 

149. 

riverters. 

192.  volumn. 

150. 

rivetiers. 

193.  varable. 

151. 

seperate. 

194.  verible. 

152. 

senter  (center). 

195.  veriable. 

153. 

sience. 

196.  varanda. 

154. 

slott. 

197.  varities. 

155. 

significent. 

198.  varrious. 

156. 

similiar. 

199.  verticle. 

157. 

simular. 

200.  Verginia. 

158. 

similtaneous. 

201.  wastful. 

159. 

sophamore. 

202.  whare. 

160. 

sothern. 

203.  what  ever. 

161. 

specificly. 

204.  yeild. 

The  total  number  of  words  that  are  misspelled  by 
any   individual   in   his    own   correspondence   is    very 
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small.  The  vocabulary  actually  used  by  most  men 
contains  but  a  few  thousand  words  and  even  bad 
spellers  do  not  make  mistakes  in  spelling  more  than 
100  of  them. 

The  words  in  the  list  are  not  those  that  are  usually 
found  in  the  lists  of  hard  words  in  the  spelling-book. 
These  hard  spelling-book  words  are  rarely  misspelled 
because  they  are  rarely  used. 

The  most  common  cause  of  bad  spelling  is  indiffer- 
ence and  carelessness.  Many  of  the  worst  errors  in 
the  list  were  made  in  compositions  that  were  written 
by  ''boiling  down"  something  that  was  in  an  open 
book  before  the  student's  eyes.  The  spellings  Ap- 
pllachian,  anthricite,  Tenesee,  Mossouri,  bitumous, 
coak,  cokeing,  were  made  in  essays  on  American  coals, 
the  matter  all  to  be  compiled  from  a  book  that  the 
students  were  using.  Other  errors  are  due  to  a  lack 
of  knowledge  or  lack  of  application  of  some  of  the 
best  known  rules  of  orthography,  such  as  those  re- 
lating to  doubling  the  final  consonant,  dropping  the 
final  "e,"  etc.  The  students  should  be  drilled  on 
these  words.  Another  class  of  errors  and  the  most 
difficult  to  overcome  are  those  due  to  the  obscure 
sound  of  ''e"  or  the  short  "u"  in  many  words. 
This  sound  is  represented  by  "a"  as  in  "separate" 
and  volatile,  by  "o"  as  in  baron,  by  "i"  as  in  sensi- 
ble, and  by  "u"  as  in  simultaneous.  Difficulties  due 
to  the  terminations  "able"  and  "ible"  are  of  this 
class.  Some  of  these  errors  may  be  overcome  by  the 
use  of  a  mnemonic  system.  Thus,  one  may  remember 
that  to  separate  means  to  part  and  that  the  letters 
"par"  are  in  both  words. 
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JoixT  Discussion. 
Pbofes^oe  H.  TT.  Hibbaed:  I  very  heartily  approve 
of  what  has  been  said,  and  I  want  to  add  one  thing. 
I  think  that  all  that  has  been  said  has  referred  to 
written  English.  I  want  to  say  something  for  spoken 
English.  I  am  a  member  of  certain  engineering  so- 
cieties of  which  only  one  of  you  gentlemen  present  is 
a  member.  The  men  in  these  societies  are  nsnally 
not  technically  or  university  educated  men.  yet  in  the 
discussions  of  engineering  questions  some  of  those 
men  who  are  not  educated  men  might  put  to  shame 
some  of  the  men  in  other  societies  who  come  from 
our  universities  of  engineering.  For  the  past  thir- 
teen years  I  have  been  giving  an  elective  course  which 
may  be  called  engineering  discussion.  This  past 
year,  in  Cornell,  there  were  some  29  seniors  who 
elected  that  course — it  is  an  engineering  discussion 
club,  open  to  seniors.  ^<aduates  and  to  juniors  in  the 
second  term.  The  discu^ion  is  on  previously  as- 
signed engineering 'topics --^^stematic  reading;  spe- 
cial i^apers  and  reports :  forfcing  of  an  individual 
card  index;  training  in  addre>^^ng  audiences,— one 
hour  per  week  during  the  year. 

I  have  brought  some  copies  of  a  pamphlet  entitled 
''Engineering  Periodicals  and  the  Card  Index."  and 
I  think  I  have  enough  so  that  each  of  you  may  have 
one,  and  will  pass  them  around  after  I  get  through 
speaking.  I  have  endeavored  to  show  to  the  students 
reading  them  the  value  of  such  an  engineering  dis- 
cussion club,  and  the  value  of  reading  the  engineering 
periodicals.     I  will  quote : 

•"A  subscription  to  a  paper  should  not  be  made  in 
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a  hurry.  And  yet  the  reading  from  the  start  should 
be  carried  on  with  that  end  always  in  view.  After 
the  diiferent  papers  become  known,  then  the  heart  of 
the  very  human  editor  should  be  gladdened  by  a  little 
note  of  appreciation— with  some  of  that  necessity  for 
which  he  works,  though  not  chiefly.  A  good  engineer- 
ing paper  should  be  one  of  the  life  partners,  ready  at 
hand  when  moments  of  leisure  permit  its  instruction 
and  enjojTnent,  better  imderstood  and  liked  as  the 
years  roll  on;  and  there  should  be  acquaintance  or 
perhaps  friendship  formed  with  its  editor,  contribu- 
tions made,  suggestions  given  and  taken,  and  some 
share  in  its  mighty  influence  in  the  engineering  world. 
"A  union  of  readers  will  economize  time  and  enable 
each  to  cover  more  ground  and  gain  greater  good.  A 
reading  club  for  discussion,  'seminary,'  in  university 
parlance,  in  which  each  member  reads  one  or  two 
papers  and  reports  upon  his  leading  articles  to  the 
rest,  is  an  excellent  institution  in  Sibley  and  after- 
wards. It  has  frequently  been  run  with  success  by 
the  younger  men  gathered  from  a  railway  drafting 
room,  test  department,  and  even  includes  some  of 
the  more  ambitious  younger  men  of  the  shop.  Some- 
times a  deferred  and  announced  discussion,  or  an  oc- 
casional more  formally  prepared  paper,  is  a  useful 
addition  and  promotes  deeper  thinking.  Such  a  club 
adds  to  the  advantage  of  reader  coming  into  contact 
with  paper,  the  decided  advantage  of  more  open  fric- 
tion between  man  and  man,  a  defending  of  one's  posi- 
tion, an  acquirement  of  ability  to  think  while  talking, 
a  cultivation  of  logical  placing  of  thought  and  word, 
so  necessary  for  the  engineer  who  must  present  his 
ideas  to  others  with  force." 
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I  have  always  said  to  the  students  taking  this 
course,  that  it  is  a  decided  advantage  to  the  young 
man  who  is  just  entering  upon  his  engineering  work 
to  be  a  member  of  at  least  one  of  the  various  engi- 
neering clubs,  the  one  nearest  to  his  place  of  business, 
and  to  take  part  in  the  discussions,  and  that  it  is  of 
advantage  to  him  to  present  information  in  the  form 
of  a  paper  to  some  engineering  periodical,  and  thus 
he  may  become  noticed  by  the  elders  among  the  engi- 
neers, upon  whose  recognition  he  must  depend  for 
promotion. 

' '  This  rubbing  against  one 's  fellows  in  like  pursuits 
is,  by  the  way,  not  among  the  least  of  the  advantages 
of  a  college  education  in  general. 

"Years  afterward,  when  official  responsibilities 
come,  this  earlier  training  will  bear  good  fruit.  A 
superintendent's  office  will  take  regularly  several 
papers  or  several  copies  of  one  most  useful  paper. 
He  marks  in  these  papers  articles  appropriate  for  the 
instruction  or  spurring  of  particular  subordinates  and 
sends  them  out.  Later  he  will  call  for  meetings  of 
these  heads  of  divisions  or  departments  in  his  office; 
and  the  resulting  interchange  of  opinions  on  the 
papers,  tempered  with  experience,  will  prove  of  de- 
cided advantage  to  the  business,  promoting  unanimity 
of  feeling  between  the  departments  and  the  introduc- 
tion of  the  best  methods  suited  for  each,  or  perhaps 
all.  The  speaker  recalls  with  much  pleasure  such 
meetings  on  the  Lehigh  Valley  Eailroad,  and  has  been 
told  only  recently  by  President  Vreeland  of  the 
Metropolitan  Street  Eailway  of  Xew  York  City,  of 
the  success  attending  his  marking  of  such  articles  and 
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sending  them  out,  not  merely  to  subordinates,  but  to 
some  thousands  of  motormen  and  gripmen." 

And,   on  another  page: 

"Where  a  number  of  technical  papers  are  to  be 
read  each  week  or  month,  it  becomes  essential  to  learn 
how  to  get  the  cream  without  drinking  all  the  pans  of 
milk.  It  is  out  of  the  question  to  read  them  all 
thoroughly.  Before  attempting  any  reading,  an  engi- 
neer should  look  them  all  over  and  note  important 
articles  to  be  read  later  if  possible.  In  this  way 
there  is  obtained  a  general  idea  of  the  contents  of  the 
papers  and  also  of  the  relative  importance  to  him  of 
the  articles  noted.  These  are  then  carefully  read  in 
the  order  of  merit,  so  far  as  time  will  permit.  In 
this  way  one  will  see  and  read  many  things  of  the 
first  importance,  whereas  without  such  a  preliminary 
glance  through  the  papers  they  might  have  been  missed. 
"Without  going  through  papers,  it  cannot  be  known  what 
they  contain;  while  to  begin  and  read  as  you  go,  re- 
sults in  using  up  all  the  time  over  matter  which  may 
be  of  little  relative  importance.  One  must,  however, 
avoid  the  danger  of  being  satisfied  with  the  prelimi- 
nary skimming;  the  thorough  reading  must  follow." 

I  want  to  say  that  when  the  students  take  part  in 
this  engineering  discussion  club  I  am  ex-ofiBcio  chair- 
man and  sit  at  the  desk.  Each  student,  when  pre- 
senting his  contribution,  leaves  his  place  in  the  room 
and  comes  to  the  front  and  faces  the  audience.  I  do 
not  allow  them  to  read;  I  urge  them  to  have  their 
subjects  so  well  prepared  that  they  can  look  into  the 
eyes  of  the  audience  and,  with  a  speaking  eye,  carry 
greater  force  than  if  their  eyes  were  upon  their  notes. 
I  believe  that  this  way  of  presenting  to  the  students 
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the  advantage  of  this  study  of  English  is  a  reen- 
forcement  of  what  the  first  speaker  said;  it  shows 
them  the  value  of  it.  You  know  our  students  are  so 
set  upon  the  goal  of  the  practical  that  they  do  not  ap- 
preciate or  care  for  the  English,  or  they  seem  to  think 
it  of  no  value  in  aiding  them  to  attain  the  goal  of 
success  in  engineering.  Xow  if  we  can  present  the 
study  of  English,  whether  written  English  or  spoken 
English,  in  a  way  that  will  appeal  to  the  practical 
young  fellows,  then  two  thirds  of  the  battle  has  been 
won. 

Deax  Bex.jamix:  I  want  to  say  just  a  word  about 
this  subject,  because  I  am  very  much  interested  and 
believe  that  the  study  of  English  in  the  ways  indi- 
cated is  one  of  the  most  important  things  that  there 
is  in  the  technical  school.  I  believe  that  in  order  to 
be  successful  you  must  reconcile  the  men  who  teach 
freshman  and  sophomore  English  with  the  men  who 
teach  engineering  in  the  last  two  years  of  the  courses, 
and  that  all  must  have  a  common  aim  and  a  common 
understanding.  We  leave  the  freshman  and  sopho- 
more pretty  much  to  himself  as  regards  his  English 
education  and  he  leams  to  read,  we  will  say,  Tennyson 
and  Browning,  and  perhaps  some  of  the  early  English 
poets,  but  he  does  not  leam  to  wi*ite.  We  must  rec- 
ognize the  fact  that  there  are  two  reasons  for  having 
English  in  technical  schools :  to  give  a  facility  in  writ- 
ing good  English,  and  to  cultivate  the  habit  of  read- 
ing good  English.  We  must  not  lose  sight  of  the 
latter  when  we  are  teaching  the  former.  But  there 
is  also  this  practical  consideration  which  demands  thai 
a  man  be  able  to  investigate  a  subject  and  "get  the 
cream"  of  it;  to  write  it  out  in  intelligible  language, 
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and  to  speak  about  it,  if  necessary,  before  a  convention 
like  this.  Until  he  can  do  that  he  is  neither  a  good 
student  nor  a  good  engineer. 

Now  we  must  get  two  classes  of  teachers  together — 
that  is,  those  who  teach  literary  English,  what  we 
call  the  ornamental,  and  those  who  teach  practical 
subjects.  I  believe  that  one  is  just  as  important  in 
our  technical  schools  as  the  other,  and  I  believe  that 
each  ought  to  be  given  its  due  weight  in  the  curric- 
ulum; but  we  must  get  them  together  and  not  train 
students  to  be  able  simply  to  read  Browning  and 
understand  it.  We  must  also  train  them  to  write  a 
good  business  letter  that  is  clear  to  the  man  ad- 
dressed; to  write  it  on  time,  instead  of  a  month  too 
late;  to  describe  anything  that  they  see;  to  use  lang- 
uage that  the  other  man  can  understand;  to  write 
ordinar}^  contracts  and  specifications  that  will  stand 
the  usual  tests  and  to  express  themselves  before  an 
audience  without  disgracing  the  institution  to  which 
they  belong. 

Pbofessoe  Bbeitenbach  :  The  common  indifference 
or  prejudice  of  engineering  freshmen  in  regard  to 
the  study  of  English  may  be  attributed,  I  think,  to 
three  causes:  (1)  ineffective  preparatory  training  in 
the  subject,  (2)  failure  to  comprehend  the  true  nature 
and  scope  of  the  study  of  English,  (3)  failure  to 
understand  the  function  of  the  engineer. 

The  first  of  these  I  shall  dismiss  with  only  a  word, 
for  this  is  not  the  time  nor  place  for  discussing  it. 
I  will  only  say  that  I  believe  conditions  are  improv- 
ing. The  teaching  of  English  in  secondary  schools 
is  becoming  more  efficient. 

For  his  failure  to  comprehend  the  true  nature  and 
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scape  of  English  study,  the  engineering  student  is 
scarcely  to  be  blamed,  since  the  misconception  is 
widespread.  It  is  too  commonly  supposed  that  the 
ideal  of  language  is  correct  grammar.  Many  a  man 
thinks  that  the  ability  to  write  a  letter  properly  punc- 
tuated and  containing  no  grammatical  errors  consti- 
tutes proficiency  in  English  composition.  It  would 
be  no  more  absurd  to  claim  that  the  boy  who  can 
solve  ordinary  problems  in  arithmetic  thereby  evinces 
proficiency  in  mathematics. 

Again  the  ideal  of  language  is  often  thought  to  be 
prettiness  or  floweriness  of  language;  attention  is 
devoted  to  figures  of  speech  and  other  so-called  orna- 
ments of  style;  students  are  encouraged  to  produce 
^^highfalutin"  nonsense  about  weird  subjects  on 
which  they  never  had  any  first-hand  knowledge. 
Corresponding  to  this  view  of  composition  is  that 
theory  of  literature  that  considers  it  designed  merely 
for  amusement  and  pastime. 

When  students  come  to  college  with  such  erroneous 
notions  of  the  subject,  it  is  no  wonder  that  they  are 
indififerent  or  disinclined  toward  its  further  study. 
Then  the  teacher's  task  to  make  them  see  that  lang- 
uage is  intimately  related  to  reality,  and  that,  prac- 
tically speaking,  thought  and  language  are  insepar- 
able, is  a  difficult  one.  The  teacher  will,  of  course, 
require  correct  grammar,  punctuation  and  spelling, 
but  only  as  a  means,  not  as  an  end;  these  have  value 
only  as  they  are  serviceable  conventions.  But  what 
is  of  real  importance  to  the  teacher  of  composition  is 
the  thought  in  the  student's  mind.  The  teacher's 
business  is  so  to  train  the  student's  powers  of  ob- 
sei*vation,  and  so  to  develop  and  organize  his  powers 
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of  thought  that  clear  and  accurate  expression  will  be 
the  natural  accompaniment.  In  a  corresponding 
way,  he  views  literature  as  a  representation  of  life 
and  its  study  as  the  endeavor  to  interpret  the  experi- 
ence of  others  in  terms  of  one's  own  experience. 

It  is  difficult,  as  I  said,  to  make  the  engineering 
student  appreciate  the  real  nature  and  scope  of  Eng- 
lish-, yet  it  is  possible.  It  is  most  effectively  accom- 
plished, not  by  abstract  discussions,  but  by  vital 
teaching,  by  such  teaching  as  makes  the  student  see 
his  relations  with  the  world  he  lives  in  and  feel  the 
need  of  more  intimate  communication  with  his 
fellows. 

The  third  cause  I  mentioned  is  the  student's  mis- 
taken conception  of  what  an  engineer  really  is.     The 
student  is  apt  to  think  that  he  himself  by  virtue  sim- 
ply of  enrollment  in  an  engineering  school,  has  therebv 
become    an    engineer;    or    if    not    that,    then    surely 
upon  graduation  he  will  be.     It  is  difficult  to  convince 
the  student  that  even  the  graduate  has   yet  a  long 
and  laborious  period  of  sei-^ice  before  he  can  justly 
lay  claim  to  the  title  of  engineer.      But  this  knowl- 
edge, once  acquired,  is  both  chastening  and  salutary. 
When  he  can  be  made  to  comprehend  the  true  func- 
tion of  the  engineer,  he  will  note  that  as  a  profes- 
sional man  he  has  a  vital  and  ever-increasing  need 
for  communication  with  his  fellowmen.    Of  these  two 
means  of  expression,  the  drawing  and  the  spoken  or 
written  word,  the  latter  becomes  increasingly  impor- 
tant as  he  advances  in  his  profession.     To  say  noth- 
ing  of   the   cultural   value   of   English,    its   practical 
value   for   the   engineer   is   scarcely   to   be    overesti- 
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mated.  The  engineeriug  profession  is  rapidly  be- 
coming aware  of  this.  I  have  in  my  possession  some 
fifty  letters  from  prominent  engineers  discussing  the 
subject  of  English,  and  every  one  of  the  writers 
testifies  to  its  great  importance.  For  the  engineer 
is  coming  to  realize  that  as  an  applied  scientist  whose 
objective  point  is  "the  use  and  convenience  of  man," 
he  must  make  his  knowledge  humanly  serviceable,  not 
only  by  embodying  it  in  stiiictures  and  machines,  but 
by  extending  the  range  of  it  as  knowledge.  To  make 
the  engineering  student  comprehend  the  true  func- 
tion of  the  engineer  not  only  awakens  him  to  a  new 
appreciation  of  the  meaning  and  value  of  English, 
but,  I  think,  should  help  to  start  him  on  the  road  to 
becoming  a  worthy  member  of  a  great  profession. 

Dean  Goss:  I  agree  heartily  with  the  most  of  what 
has  just  been  said,  but  would  like  to  emphasize  the 
fact  that,  in  my  opinion,  progi'ess  in  the  teaching  of 
English  to  engineering  students  must  depend  largely 
upon  the  attitude  of  the  engineers  themselves.  In 
proportion  as  we,  the  engineers,  become  interested  in 
the  progress  of  our  students  in  the  matter  of  English, 
just  to  that  degree  we  shall  secure  the  desired  results. 
I  therefore  hope  that  we  shall  avoid  an  attitude  which 
places  the  teachers  of  engineering  on  one  side  of  a 
line  and  the  teachers  of  English  on  the  other  side. 
We  should  feel  most  thoroughly  and  sincerely  our 
responsibilities  in  this  matter.  With  such  a  feeling 
we  shall,  I  am  sure,  make  very  rapid  progi'ess  along 
the  line  which  we  have  been  discussing. 

Peofessok  D.  C.  Jackson:  Dean  Goss's  remarks  are 
of  a  kind  that  I  want  to  heartilv  endorse.     He  has 
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summed  the  matter  up  just  as  I  would  like  to  see  it 
summed  up.  My  experience  has  been  in  this  way— 
that  the  English  teachers  are  anxious  to  teach  Eng- 
lish in  such  a  way  that  it  is  interesting  to  the  stu- 
dents, and  so  that  they  may  become  capable  of  ex- 
pressing their  thoughts  in  strong,  terse,  able  English, 
not  flowery,  nor  decorated.  Engineering  teachers  have 
often  urged  that  this  is  a  necessity,  and  they  have 
very  often  given  assistance  to  the  English  teachers. 
My  experience  extends  to  a  number  of  places,  and  I 
have  found  that  the  English  teachers  are  ready  to 
heartily  cooperate  whenever  we  cooperate  from  our 
side,  but  there  is  a  good  deal  of  difficulty,  in  many 
instances,  to  get  engineering  teachers  to  cooperate 
properly  so  that  the  English  teachers  may  know  how 
best  to  carry  out  their  duties.  I  have  also  found 
that  when  the  engineering  teachers  have  gone  into 
such  cooperation  heartily,  the  students  themselves 
find  that  English  is  a  very  useful  and  interesting 
study, 

Mr.  Hamerschlag:  I  would  like  to  add  a  small  con- 
tribution, as  a  layman,  to  the  subject  of  English  in- 
struction. In  my  judgment,  English  training  does 
not  belong  in  the  school  of  engineering.  It  belongs  to 
the  secondary  schools.  If  it  is  ineffectully  handled 
there,  the  individual  who  enters  the  engineering 
school  deficient  in  this  subject  should  receive  some 
special  kind  of  treatment.  I  think  the  student  who  is 
deficient  ought  to  be  compelled  to  remove  this  con- 
dition during  his  first  year  and  it  should  be  made  im- 
possible for  him  to  go  on  with  the  second  year's  work 
in  the  college  until  he  had  given  evidence  of  an  ability 
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to  meet  the  usual  English  requirements.  This  is 
another  way  of  saying  that  concentrated  study  of 
English  during  the  first  college  year  for  the  condi- 
tioned student  may  solve  the  problem  of  the  student 's 
advancement. 

There  are  three  definite  methods  of  improving  the 
student's  command  of  English:  (1)  by  the  descrip- 
tion of  an  object  within  the  range  of  vision  in  good, 
clear  English;  (2)  to  visualize  in  vrords.  an  object 
that  he  has  seen  but  that  is  no  longer  within  the 
range  of  his  vision:  (3)  to  express  a  thought  not  con- 
nected with  an  object  in  the  range  of  vision,  nor 
descriptive  of  any  object  even  seen.  The  amplifica- 
tion of  these  three  tests  ought  to  give  the  student  the 
ability  to  write  clearly  and  concisely  and,  in  my  judg- 
ment, it  is  more  etfective  than  a  whole  year  of  drill, 
one  or  two  hours  a  week,  on  the  rules  of  grammar  or 
on   general  literary  discussion. 

Deax  Eddy  :  It  happens  that  there  is  here  reporting 
this  meeting  a  young  gentleman  who  has  just  gradu- 
ated from  the  University  of  Minnesota  and  who  has 
made,  with  his  engineering  studies,  a  particular  study 
of  English  and  is  specially  interested  in  that,  and  it 
seemed  to  me  that  it  might  be  interesting  to  you  to 
hear  his  views,  as  he  is  a  specialist  in  the  subject  and 
has  already  commenced  his  career  as  a  reporter.  He 
is  Mr.  H.  Cole  Estep. 

Me.  H.  Cole  Estep:  There  was  one  thing  in  the 
work  in  English  that  has  not  been  mentioned  here  that 
is  of  interest.  That  is,  the  work  which  is  done  in  the 
student  engineering  societies  and  its  effect  on  the 
students'  work  in  English.     In  Minnesota  our  engi- 
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neering  society  holds  meetings  every  two  weeks.  In 
the  last  two  years  we  have  made  a  specialty  of  pre- 
senting topics  of  interest  which  the  students  them- 
selves have  looked  up.  and  of  discussing  them  as  much 
as  we  could,  as  is  done  in  older  societies,  and  we  have 
found  a  great  deal  of  benefit  from  it.  The  boys  who 
work  in  the  shops  in  the  summer  come  back  in  the  fall 
and  tell  their  friends  about  their  summer's  work  and 
discuss  it  at  the  society  meetings.  The  chief  difificulty 
is  that  it  is  hard  to  get  the  boys  to  discuss  matters; 
however,  it  has  done  good. 

The  society  also  publishes  a  year-book,  and  in  the 
last  two  years  it  has  been  the  policy  of  the  editorial 
boards  to  get  as  many  students'  contributions  as  they 
could.  Last  year  we  had  two  such  contributions,  and 
this  year  three.  I  have  had  the  pleasure  of  editing 
this  publication,  and  I  have  found  considerable  diffi- 
culty in  getting  copy  for  three  contributions  until  I 
went  after  it  personally  and  saw  that  it  was  written; 
however,  after  they  were  written  they  were  creditable 
pieces  of  work.  This  matter  of  student  contributions 
is  a  thing  which  I  think  could  be  developed  to  a  con- 
siderable extent. 

Dean  Kaymond:  I  wish  to  say  that  it  is  my  belief 
that  the  existing  condition  of  things  is  not  the  final 
condition,  but  that  there  is  a  very  small  bright  spot 
on  a  very  distant  horizon  that  indicates  the  exceed- 
ingly slow  approach  of  that  good  time  when  all  of 
the  high  gi-ade  engineering  schools  of  the  country 
will  open  their  doors  to  only  the  holders  of  the 
degree  of  A.B. 

Professor  Telleen  :    The  English  courses  in  most 
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of  our  technical  schools  are  not  purely  literary.  The 
tendency  toward  practical  work  is  evident.  At  Tufts 
College,  for  example,  a  course  is  given  in  technical 
literature,  the  details  of  which  I  am  not  in  position  to 
give.  In  the  University  of  Michigan  two  courses  are 
given  on  scientific  literature,  one  in  .journalism,  and 
another  in  specifications  and  contracts. 

Furthermore,  you  will  find  that  in  these  courses  the 
emphasis  is  not  placed  solely  on  the  petty  details  of 
composition  work.  I  agree  with  the  last  speaker  that 
such  work  should  be  left  to  our  preparatory  schools. 
Nevertheless,  present  conditions  necessit-ate  our  giv- 
ing, where  this  is  possible,  special  courses  for  those 
freshmen  who  are  found  deficient  in  their  knowledge 
of  grammar  and  their  ability  to  apply  the  simple  rules 
of  composition.  The  task  of  the  teacher  of  English 
in  our  technical  schools  is  to  teach  the  students 
broadly  to  apply  the  principles  of  composition  in  their 
particular  field  of  work. 

My  paper.  I  believe,  emphasized  the  value  of  public 
speaking.  Personally.  I  consider  such  work  so  im- 
portant that  I  require  every  freshman  to  give  a  five 
minute  talk  on  some  subject  in  which  he  is  interested. 
and  the  sophomore,  a  fifteen  minute  talk.  In  the 
giving  of  these  talks  the  student  is  urged  to  be 
natural  in  his  delivery  and  clear  in  the  exposition  of 
his  subject.  Accordingly,  diagrams  as  well  as  other 
foimis  of  illustration  are  required  wherever  these  will 
insure  greater  clearness. 

Dean  Kext:  There  is  cue  thing  in  my  paper  that 
I  wish  particularly  to  call  attention  to  and  would  like 
to  have  the  committee  on  general  education  consider. 
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The  question  is :  How  can  we  measure  the  efficiency  of 
our  engineering  schools?  Can  we  tell,  in  any  way, 
whether  one  school  or  system  or  class  is  any  better 
than  another?  I  have  shown  that  in  spelling,  two 
thirds  of  the  errors  made  by  the  ordinary  freshman 
can  be  corrected  by  one  year's  instruction;  can  that 
same  result  not  be  accomplished  in  the  high  schools'? 
Why  is  it  necessary  to  take  that  year  in  the  fresh- 
man's class  to  get  that  result? 
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A    PROPOSED    COURSE    IN    GENERAL 
ENGINEERING. 

BY  HARWOOD  FROST, 

Editor  of  The  Engineering  Digest. 

During  the  past  few  years  there  has  been  consid- 
erable discussion  regarding  the  character  and  dura- 
tion of  the  college  course  which  would  be  most  suitable, 
or  most  profitable  for  the  training  of  an  engineer. 
The  rapid  developments  in  modern  engineering 
science  have  compelled  the  introduction  of  so  many 
specialties  into  the  curriculum  that  a  constant  read- 
justment is  necessary,  in  order  to  cover  the  subjects 
in  the  regulation  period  of  four  j-ears.  That  many  of 
the  leading  schools  have  felt  the  pressure  caused  by 
these  specialized  subjects,  and  the  need  for  readjust- 
ment, has  been  shown  by  their  efforts  to  meet  the 
situation  through  an  increase  in  their  requirements 
for  admission  ;  the  introduction  of  summer  courses 
and,  as  in  the  University  of  Minnesota,  the  establish- 
ment of  a  five-year  course.  The  five-year  course 
seems  a  most  logical  solution  of  the  problem,  espe- 
cially if  it  is  intended  to  include,  as  it  undoubtedly 
should,  and  as  it  does  at  the  University  of  Minnesota, 
some  of  the  higher  branches  of  the  cultural  studies, 
such  as  languages,  literature,  history  and  philosophy. 
President  Schurman  has  long  advocated  a  five-year 
course,  so  has  Dr.  J.  A.  L.  Waddell,  to  cite  a  promi- 
nent professional  engineer  who  has  also  a  wide  repu- 
tation as  an  educator.     On  the  other  hand,  five  years 
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is  a  long  time  and  the  average  young  man  is  impatient 
to  reach  a  degree  of  efficiency  where  he  has  a  definite 
earning  power,  and  to  get  into  the  harness  of  business. 
While  there  is  nearly  always  a  demand  for  engineer- 
ing services  in  excess  of  the  supply,  there  certainly  is 
always  a  demand  for  trained  men  and  the  engineering 
graduate  often  prefers  to  go  out  into  the  world,  tech- 
nically efficient,  but  uncultured,  perhaps,  in  the  sub- 
jects that  would  certainly  have  made  him  more 
broad-minded  and  a  better  citizen.  Some  time  ago 
a  five-years'  mining  course  was  tried  at  Lehigh 
University  ;  it  was  wisely  planned,  and  was  under 
competent  direction,  and  there  is  no  doubt  that  the 
students  would  have  found  the  five  years  well  spent  ; 
but  it  was  simply  impossible  to  keep  the  students 
longer  than  the  customary  four  years. 

In  considering  this  subject,  I  do  so  from  the  point 
of  view  of  one  interested  in  the  general  subject  of 
technical  education  but  to  a  very  considerable  extent 
ignorant  of  the  many  difficulties  to  be  overcome  in  the 
planning  of  a  curriculum.  I  have  met  with  many 
instances  where  an  engineer  proficient  in  one  line  has 
been  called  on  to  practice  in  a  field  that  is  far  removed 
from  his  specialty,  and  of  which  he  is  practically 
ignorant  ;  and  I  have  seen  many  cases  where  the 
responsibilities  of  one  man  cover  many  and  various 
lines  of  work.  Such  cases  show  the  interdependence 
of  the  many  branches  of  engineering  ;  they  are  now 
very  common,  and  they  indicate  that  there  is  a  grow- 
ing necessity  for  the  '*  general  engineer."  It  is  with 
the  details  of  a  proposed  curriculum  and  the  term  of 
study  for  a  course  of  "  general  engineering  "  that 
this  paper  has  to  deal. 
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The  subject  was  taken  up  in  the  December,  1907, 
issue  of  the  Engi  nee  ring  Digest,  where  the  editors 
presented  some  comments  and  a  table  of  studies  based 
on  an  article  in  ••  Machineiy  "  and  an  address  by 
Walter  C.  Kerr.  President  of  Westinghouse,  CTiurch, 
Kerr  &  Co..  both  advocating  a  ''  general  "  in  prefer- 
ence to  a  ••  specialized  **  engineering  education.  I 
feel  that  the  subject  is  an  imx>ortant  one.  and  in  the 
present  paper  I  have  extended  the  article  referred  to 
and  corrected  it?  few  inaccuracies,  but  I  wish  to 
emphasize  that  I  make  the  proposal  of  a  "*  general 
engineering  "  course  from  the  standpoint  of  a  man  not 
sufficiently  acquainted  with  the  problems  involved,  to 
know  whether  it  is  altogether  practicable. 

The  two  quotations  used  as  showing  the  value  of  a 
more  general  education  are  as  follows  : 

•'  In  these  days  when  so  much  has  been  said  about 
specialization  and  about  the  necessity  for  any  young 
man  in  the  technical  field  to  devote  himself  exclu- 
sively to  a  certain  branch,  it  may  be  well  to  accentuate 
the  point  that  specialization  may  be  carried  too  far. 
The  man  who  becomes  too  one-sided  in  his  work  may 
be  useful  to  a  less  extent  than  he  would  have  been 
had  he.  while  making  a  particular  study  of  a  special 
field,  devoted  some  time  to  broadening  his  intellect 
in  various  ways.  The  truly  great  men  of  this,  as  well 
as  former  ages  are  men  who  have  not  confined  them- 
selves to  a  small  sphere  of  usefulness.  It  is  true 
that  it  will  not  do  to  divide  one's  interests  between 
too  many  things  at  a  time.  Do  one  thing  at  a  time, 
and  do  it  well,  but  do  not  think  that  the  time  has  come 
when  general  infonnation  in  regard  to  all  the  things 
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that  surround  ns  in  life  is  useless  simply  because  it  is 
not  possible  to  become  master  of  all  the  arts.  Per- 
haps, on  the  other  hand,  there  never  was  a  time  when 
the  man  with  a  broad  view  had  a  greater  chance.  The 
specialization  in  all  lines  of  industry  has  limited  the 
opportunities  for  the  development  of  men  of  varied 
experiences,  but  such  men  are  necessary  for  the 
executive  positions.  There  is  for  this  reason  a 
premium  on  the  services  of  the  man  who  has  been 
able  to  acquire  a  general,  even  if  limited,  knowledge 
of  the  industries,  the  business  and  other  conditions 
outside  of  his  own  branch  ;  and  because  such  knowl- 
edge is  becoming  more  scarce,  as  the  specialization 
becomes  more  systematized,  there  is  all  the  more 
reason  for  not  being  deluded  by  the  general  outcry 
that  a  man  to  be  truly  successful  must  be  a  spe- 
cialist, and  nothing  but  a  specialist.  To  a  certain 
limit  the  man  who  is  a  specialist,  and  nothing  but  a 
specialist,  is  more  successful  than  his  fellow-workers  ; 
but  this  is  in  the  secondary  positions,  when  he  is  work- 
ing under  the  guidance  of  men  who  can  supplement 
his  lack  of  general  development.  AVhen  the  moment 
comes  that  the  place  of  managing  the  whole  concern 
is  to  be  filled,  the  specialist  is  left  where  he  is,  because 
he  is  filling  his  place  so  exceeding  well,  and  the  man 
who  never  was  thought  much  of  where  but  one  of  his 
many  faculties  came  into  play,  is  promoted  to  the 
place  where  he  can  give  full  sway  to  his  general 
knowledge  and  his  varied  interests  ;  and  the  special- 
ist who  in  his  one-sidedness  thinks  that  he  was  the 
person  logically  fit  for  the  promotion,  thinks  himself 
badly  ignored  and  his  ability  misunderstood  :  he  does 
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not   realize  that  with  all  our  specialization  the   *  all 
around  man  '  still  holds  his  own." — Machinery. 
"  Each  of  you  probably  has  a  preconceived  notion 

of  following  some  line  of  engineering.  Be  careful 
about  your  self-analysis.  The  field  is  large  and  has 
room  for  all  of  the  various  tyi:»es  of  men.  some  of 
whom  incline  to  constructive  operations,  others  to- 
wards inventive,  some  to  the  contemplative.  Again, 
within  all  these  divisions,  some  tend  toward  profes- 
sional and  others  towards  trade  work.  Xo  one  can 
advise  what  is  Ijest  for  you  :  this  you  must  find  out 
for  yourself.  I  cannot  help,  however,  a  certain  pre- 
dilection in  favor  of  a  young  man  being  just  an  engi- 
neer—not specializing  while  too  young,  but  develop- 
ing along  versatile  lines,  ready  to  turn  his  hand 
equally  well  to  any  task  within  his  general  scope." — 
Walter  C.  Kerr,  president  of  the  T\'estinghouse, 
Church.  Kerr  tls:  Co..  in  an  address  to  the  graduating 
class.  Stevens  Institute  of  Technology.  June  16,  1904. 

For  the  preparation  of  this  "all  around  man" 
who  is  "just  an  engineer."  some  scheme  of  educa- 
tional training  would  seem  to  be  required  that  is 
broader  in  its  scope  than  any  in  present  practice,  so 
far  as  the  writer  is  aware.  In  the  four  years  that  are 
ordinarily  devoted  to  the  technical  education  of  young 
men.  is  it  possible  to  instruct  them,  or  the  fittest  of 
them,  in  the  essentials  of  civil,  mechanical,  electrical, 
mining  and  metallurgical  engineering  ?  At  first  sight, 
no  I     But  let  us  see. 

In  the  accompanying  schedule  (I.)  are  listed  all 
the  vaiious  studies  and  laboratoiy  exercises  embodied 
in  these  five  courses  in  one  of  the  foremost  engineer- 
ins:  schools   of  the  eountrv   (Massachusetts  Institute 
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of  Technology),  with  the  hours  which  I  propose  to 
assign  to  each,  and  against  these  items  are  set  (in 
parentheses)  the  actual  number  of  hours  devoted  to 
each  item  in  the  several  courses  of  that  school.  The 
figures  are  taken  from  the  December,  1906,  Catalogue, 
but  I  find  that  the  alterations  in  the  1907  Catalogue 
are  not  sufficient  to  warrant  any  alteration  in  the 
general  plan.  The  total  number  of  hours  required 
for  the  full  courses  in  the  five  branches  is  10,393, 
divided  as  follows  : 

Hours. 

Study,  lectures  and  recitations    6,872 

Laboratory  exercises    1,958 

Drawing  and  field  work   1,563 

Total   10,393 

These  courses,  at  48  hours  a  week,  would  require 
from  the  student  more  than  seven  of  the  30-week 
years  at  this  institution  for  completion  in  their  en- 
tirety. On  the  other  hand,  there  are  a  number  of 
high-grade  technical  schools  (Lehigh,  Rose,  Case, 
Purdue,  Stevens,  Cornell  and  others)  in  which  the 
duration  of  the  school  j^ear  is  35  or  36  weeks,  and  one 
or  two  in  which  it  is  37  weeks,  while  the  time  devoted 
to  study,  recitations  and  laboratory  work  at  these 
institutions  varies  from  54  to  57  hours  instead  of  the 
48  just  mentioned.  In  addition,  some  of  these  schools 
supplement  their  regular  instruction  by  summer 
terms  of  from  four  to  eight  weeks  in  length,  devoted 
chiefly  to  field  work  or  shop  practice. 

Schedule  (I.) 
The  main  figures  in  Schedule   (I.)   show  the  num- 
ber of  hours  proposed  for  a  ''  general  engineering  " 
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course.  These  are  based  on  a  stady  of  the  time  al- 
lotted to  similar  subjects  in  other  schools,  and  in  all 
but  thi'ee  or  four  instances  the  reduced  number  of 
hours  given  is  greater  than  the  time  devoted  to  the 
subjects  in  at  least  one  school  of  high  standing  ; 
that  is.  with  these  three  or  four  exceptions,  no  allot- 
ment of  time  is  less  than  is  considered  sufficient  for 
the  subject  by  some  high-grade  school.  In  the  few 
exceptional  cases,  the  reduction  is  inconsiderable, 
and  leaves  in  each  case  at  least  S5  per  cent,  of  the 
maximum  time  required  for  the  sulir'eLt-  in  a  special- 
ized course.  It  will  be  found,  by  oori.parison  with 
the  actual  time  devoted  to  the  subjects  in  any  given 
school,  in  the  same  way  that  the  comparison  with 
the  Massachusetts  Institute  of  Technology  has  been 
made,  that  a  fair  average  time  has  been  allotted  to 
each. 

SCHEDULE    I. 

COTIBSE  EN    GeXEEAL    E?rGI>"XEBI>"G. 

GeneraL 

,-::l;    L~::-i:i-         L.2.'z<7-i:--.:j  Diswineaiid 

Mathematics  '  ^  '  7  - ! 

Physics o-iO  v^iOy            So       (So) 

Chemistry   420  (480)         398     (443) 

French    120  (270) 

German 240  (270) 

Applied  mechanics 405  (405)           75       (90) 

Hydraulics 135  (135)           50       (50) 

Descriptive    geometry    and 

drawing   270     (330) 

Engineering  laboratory  ...      -to  (67)          135     (135) 

Geology 335  (385)         180     (260) 

Materials  45  (45) 

Political  economy    90  (90) 

Corporations,  contracts  and 

business  law    75  (75) 

Costs,  management,  etc.  ..  30  (30) 
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Study,  Lectures         Laboratory  Drawing  and 

and  Recitation*.  Work.  Field  Work. 

Civil  Engineering. 

Biology 15       (15) 

Bridge  design    150     (ISO) 

Astronomy  and  Grcodesy    .     90     (105) 

Stereotomy    30       (60) 

Structures  and  foundations  450     (-495) 

Surveying  and  topography     60       (60)  210     (225) 

Highway  engineering    ....      30       (30) 

Railroad  design    90     (105) 

Railway  drawing  and  field 

work    105     (135) 

Railroad  engineering 270     (330) 

Sewerage  and  water  supply  180     (210)  30        (30) 

Electrical  Engineering    600     (705)         205     (255)  40       (40) 

Mechanical  Engineering. 

Dynamics  of  machines  ...  75  (75) 
Hydraulic  machinery    ....      75       (90) 

Shopwork  420     (450) 

Steam      engineering      and 

thermodynamics    270     (270) 

Heating  and  ventilation  .  .  15  (15) 
Locomotive  engineering  .  .  90  (225) 
Machine  design  and  drawing  3S7      (458) 

Mining  and  Metallurgy   395     (545)  150     (190) 

also 
English      Literature      and 

Rhetoric   150     (210) 

History — L'nited  States  and 

Europe    45     (120) 

Total,  8,880  hours  5,870(6,872)      1,698(1,958)      1,312(1,563) 

Total,  (10,393)  hours. 

The  total  number  of  hours  as  given  in  this  pro- 
posed schedule  is  8,880,  or  over  1,500  hours  less  than 
that  required  by  the  full  courses  of  the  Massachusetts 
Institute  of  Technology.  In  making  these  calcula- 
tions the  following  factors  were  taken  into  considera- 
tion : 

Basic  Studies  Given  Fcll  Time. 
Mathematics;    physics;    applied  mechanics;    hydraulics;    materials; 
steam  engineering  and  thermodynamics. 


106      PROPOSED    COUESE    IN    GE^'ERAL    EXGIXEERIX^G. 

Laboratoiy  work=:  (1698  -^  1958)  =87  per  cent,  of  full  time  given. 

Drawing  and  field  work  =  (1312  -^  1563)  =  84  per  cent,  of  full 
time  given. 

As  much  time  on  drawing  as  in  any  single  course. 

In  civil  engineering  drawing  and  field  work  87  per  cent,  of  full  time. 

In  mechanical  engineering  and  electrical  engineering  drawing  and 
design  86  per  cent,  of  full  time. 

Pbixcipal  PlEductioxs  i>'  Time  Devoted  to  Sttdies. 
Hours. 

Chemistry   60        (Descriptive  portions.) 

Geology   50        (Descriptive  portions.) 

Structures   45       (Work  on  higher  structures  abbre- 
viated.) 

Railroad  engineering    60        (Descriptive  portions.) 

Sewerage  and  water  supply     30        (Descriptive  portions.) 
Locomotive  engineering   .  .  .    135        (This  is  given  as  an  optional  study 

of  225  hours.  Of  decreasing  im- 
portance on  account  of  increasing 
importance  of  electric  traction; 
thought  that  a  sufficient  outline 
can  be  given  in  90  hours.) 
Mining  and  metallurgy  .  .  .  150  (Time  saved  by  having  lectures  in- 
stead of  recitations  on  ore  dress- 
ing, mining  machinery  and  metal- 
lurgical processes,  which  need 
not  be  studied,  as  the  matter  is 
descriptive  and  can  be  referred 
to  later  in  books  when  needed.) 

History    75        (United    States    history    cut    out — 

assumed  to  be  properly  an  en- 
trance requirement.  European 
historv  condensed  15  hours.) 


This  schedule,  or  any  similar  one,  should  not  be 
made  hard  and  fast.  Individual  judgment  would,  no 
doubt,  change  some  of  the  allotments  of  time,  but, 
withal,  it  is  thought  that  the  basic  studies  are  given 
sufficient  attention,  and  that  the  shortened  courses 
are  sufficiently  long  to  give  the  student  a  good  ground- 
ing in  each  of  them.  With  the  broadening  of  en- 
gineering work  come  extensions  in  various  lines   of 
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study,  and  in  order  to  cover  the  ground  more  thor- 
oughly in  the  four  years,  the  entrance  requirements 
to  the  higher  grade  schools  are  being  raised,  as,  for 
instance,  the  Carnegie  Foundation  requiring  two 
years'  French  and  German  as  an  entrance  qualifica- 
tion, and  the  recommendation  by  the  Association  of 
American  Universities  of  two  years  of  academic  work 
as  a  requirement  for  admission  to  any  engineering 
school.  This  permits  of  a  corresponding  reduction  in 
the  time  devoted  to  languages,  history  and  English 
literature  without  material  loss,  and  the  hours  thus 
gained  can  be  applied  to  studies  that  may  seem  to  be 
unduly  condensed. 

As  an  alternative  to  the  foregoing  general  course, 
which  covers  practically  all  the  divisions  of  engineer- 
ing and  may  be  considered  by  some  too  diverse,  and 
in  certain  details  too  abbreviated.  Schedule  II.  is  pre- 
sented, giving  a  combination  civil,  mechanical  and 
electrical  engineering  course.  This  schedule  is  also 
compiled  from  the  courses  as  given  in  the  Massachu- 
setts Institute  of  Technology,  and  comprises  the  fidl 
achial  time  allotted  to  the  three  courses.  It  totals 
8,863  hours,  the  reduction  of  1,530  hours  being  caused 
by  the  overlapping  of  studies  in  the  courses  when 
taken  separately. 

Schedule  II. 

For  the  purpose  of  these  observations  a  four-year 
course  of  thirty-nine  57-hour  weeks,  or  a  five-year 
course  of  thirty-six  50-hour  weeks  has  been  assumed, 
the  former,  amounting  to  a  total  of  8,892  hours,  and 
the  latter  to  9,000  hours.  As  the  total  number  of 
hours    given    in    either    of    the    proposed    schedules 
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amounts  to  nearly  these  totals,  it  would  seem  that,  to 
accomplish  all  of  these  studies  in  four  years  it  would 

SCHEDULE    II. 
YvJjL.  Schedule  of  Studies  at  the  Massachusetts  Institute  of 
Technology  in  the  Combined  Civil  Engineering,  Mechanical 
Engineering  and  Electrical  Engineering  Courses. 

study,  Lectures     Laboratory    Drawing  and 
and  Recitations.         Work.         Field  Work. 

Mathematics   780 

Applied  mechanics    405  90 

Descriptive    geometry,    free-hand    and 

mechanical  drawing    330 

Shopwork    450 

English  literature  and  rhetoric 210 

Economics   165 

History    120 

French  and  Grerman  540 

Civil  engineering 1,515  35  735 

Metallurgy  of  iron   30 

Mechanical  engineering    952  135  458 

Chemistry   270  128 

Physics    550*  135t 

Electrical  engineering    495  205  40 

Geology    60  30 

6,092  1,208  1,563 

Total,  8,863  hours. 

*  210  hours  of  physics  study  devoted  to  electricity. 

t  50  hours  of  laboratory  vrork  on  electrical  instruments. 

be  necessary  to  omit  thesis  work,  but  if  carried  over 
five  years  sufficient  time  for  a  thesis  would  be  allowed. 
While  the  general  subject  of  the  thesis  is  not  alto- 
gether within  the  province  of  the  present  discussion, 
it  may  be  mentioned  that  the  practical  value  of  this 
work  in  connection  with  this  proposed  course,  is  open 
to  considerable  discussion.  Primarily,  the  object  of  a 
thesis  is  to  give  valuable  data  to  the  engineering 
world,  and  to  test  and  increase  the  ability  of  the  stu- 
dent to  carry  on  independent  investigations  with  that 
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end  in  view.  Actually,  however,  in  the  great  major- 
ity of  schools  the  thesis  does  not  accomplish  these 
desired  results,  simply  because  engineering  students, 
when  acting  alone,  are  not  capable  of  doing  this 
thorough  research  work.  When  assisted  by  an  ex- 
perienced man  these  undergraduate  researches  often 
secure  valuable  results,  but  most  teachers  in  technical 
schools  are  not  sufficiently  free  from  the  daily  routine 
of  the  class  room  to  enable  them  to  devote  much,  if 
any,  time  to  thought  and  supervision  of  this  work  of 
investigation.  In  other  words,  most  technical  schools 
in  this  country  are  so  engrossed  in  teaching  existing 
knowledge  that  they  are  unable  to  add  much  to  this 
knowledge.  As  a  result  of  this  condition  of  affairs 
the  thesis  is  usually  the  mere  execution  of  some  prob- 
lem, from  which  the  student  may  or  may  not  learn 
something,  and  by  which  he  shows  the  faculty  that  he 
is  or  is  not  capable  of  executing  this  work  alone.  But 
a  glance  over  almost  any  list  of  subjects  chosen  by 
students  would  show  that  in  many  cases  the  time  con- 
sumed in  the  writing  might  be  more  profitably  spent 
otherwise,  as  in  very  few  instances  is  there  any  dis- 
play of  exceptional  abilities  or  evidence  of  real 
original  investigation  or  study. 

Another  point  that  has  been  brought  to  my  atten- 
tion in  connection  with  the  duration  of  the  course,  is, 
that  in  the  attempt  to  obtain  the  maximum  educational 
value  of  a  large  number  of  subjects  within  an  avail- 
able number  of  hours,  there  is  a  possibility  of  im- 
provement in  many  educational  institutions  through  a 
process  of  condensation  and  concentration  of  some  of 
the  subject  matter  taught.  To  illustrate  this  more 
specifically  :  let  almost  any  man,  say  Mr.  Smith,  write 
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an  article  on  a  subject  with  which  any  other  man,  say 
Mr.  Jones,  may  be  familiar.  Mr.  Jones  can  take  that 
article  and  cut  it  down  from  20  to  50  per  cent,  and 
leave  the  substance  all  there.  Then,  Mr.  Jones  could 
write  an  article  on  some  subject  with  which  Mr.  Smith 
is  familiar,  and  he  could  do  the  same  thing  with  Mr. 
Jones'  writing.  The  original  writer  of  an  article  is 
liable  to  err  in  profusion  of  words  and  descriptive 
detail,  and  the  more  profound  the  subject  and  the 
longer  the  writing,  the  more  opportunity  usually 
exists  for  such  revision. 

Now,  in  like  manner,  a  professor  or  instructor  who 
conducts  certain  courses  of  instruction  may  get  his 
subjects  diluted  with  various  thoughts  and  words 
that  are  not  essential  to  the  main  object.  Especially 
is  this  the  case  where  a  subject  has  been  long  con- 
tinued, and  the  man  in  charge  has  injected  into  it 
pretty  much  everything  that  has  occurred  to  him. 
Thus,  courses  of  lectures,  though  most  excellent  in 
quality,  frequently  run  into  quantity  in  excess  of  the 
time  necessary  for  imparting  the  essentials  of  the 
subject. 

It  is  not  unnatural  for  each  man  to  think  that 
nearly  all  he  has  evolved  is  essential,  but  it  is  never- 
theless true  that  careful  revision  by  some  able  man 
in  authority,  or  by  a  practical  man  not  connected 
with  the  school,  of  a  large  amount  of  the  instruction 
given  in  the  various  courses,  would,  in  many  cases, 
be  productive  of  an  economy  of  time  similar  to  the 
economies  that  are  worked  in  engineering,  manufac- 
turing, and  commercial  operations. 

While  such  economy  of  time  has  a  distinct  bearing 
upon  the  principal  motive  of  this  paper,  it  is  with 
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considerable  hesitation  that  the  point  is  raised  here, 
even  in  a  general  way,  as  it  can  become  effective  only 
when  raised  specifically  by  some  one  in  authority 
who  can  carry  it  out,  and  that,  too,  with  sufficient 
diplomacy  to  avoid  the  friction  which  would  naturally 
arise.  To  do  such  work  in  any  educational  institu- 
tion, the  entire  teaching  force  must  be  in  harmony 
and  in  the  spirit  of  the  motive— only  then  will  they 
cooperate,  and  not  oppose. 

From  the  schedules  herewith  presented,  and  espe- 
cially from  the  second,  taken  from  the  catalogue  of 
one  of  the  largest  (3,500  graduates)  technical  schools 
in  the  country,  with  nearly  half  a  century's  experi- 
ence in  the  making  of  engineers  (Massachusetts  In- 
stitute of  Technology,  founded  1859),  it  is  seen  that  : 

1.  It  is  possible  for  a  student  working  four  years, 
each  of  39  weeks,  57  hours  each  week  (which  is  no 
more  than  is  expected  in  many  institutions,  and  much 
less  rigorous  than  the  work  at  Annapolis  and 
West  Point)  to  be  well  educated  in  civil,  mechanical 
and  electrical  engineering,  and  thus  have  all  the  ad- 
vantages that  come  from  a  broad  technical  training. 

By  the  time  he  is  ready  to  receive  his  degree  the 
student  will  have  become  acquainted  with  the  rudi- 
ments of  three  great  subdivisions  of  engineering,  and 
have  had  a  thorough  training  in  the  basic  studies  of 
mathematics,  physics,  chemistry,  mechanics  and  draw- 
ing; he  will  then  be  prepared  to  develop  along  the 
line  most  fitted  to  his  temperament  and  inclinations 
and  to  select  for  his  life  work  the  branch  that  appeals 
to  him  most,  after  having  become  intimately  ac- 
quainted with  the  details  of  each  —  decidedly  more 
advantageous    than    being    compelled,    as    under    the 
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present  system,  to  choose  for  himself  at  the  age  of 
16  or  18,  without  such  knowledge. 

3.  If,  after  graduation,  it  is  difficult  to  obtain  em- 
ployment in  one  line,  the  ''general"  engineering 
graduate  has  two  other  fields  to  turn  to.  in  both  of 
which  he  is  equally  well  trained. 

As  a  single  instance  of  the  broad  field  of  work 
looming  up  for  the  "general"  engineer  and  a  field 
in  which  an  engineer  with  a  general  training  is 
needed,  may  be  mentioned  that  of  electric  railway 
engineering.  The  relationship  of  such  an  engineer 
to  his  work  might  be  outlined  roughly  as  follows: 

Structures  'j 

Road  bed  L  Civil  engineering 

Survey  and  location,  etc. 


'  General  engineer. 


Power  houses  ") 

Rolling  stock,,  etc.  [  ^^^<^^^^^^^  engineering 

Generators  *| 

Transmission  L  Electrical  engineering    ^ 

Electric  locomotives,  etc.  J 

There  are  difficulties  to  be  encountered  in  the  es- 
tablishment of  such  a  course,  such  as  the  necessity 
for  more  instructors  and  much  gi^eater  equipments. 
but  these  are  matters  invoMng  financial  considera- 
tions, and  do  not  affect  the  feasibility  of  the  proposi- 
tion, if  it  otherwise  commends  itself.  There  is  a 
growing  demand  for  the  "general  engineer,"  and 
when  this  demand  reaches  proportions  where  it  can- 
not be  overlooked,  enlightened  philanthropists  will, 
no  doubt,  be  found,  who  will  provide  the  ways  and 
means  for  meeting  it.  Meanwhile,  the  subject  is 
one  that  seems  to  merit  consideration. 
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BY   W]M.    T.    iVL\GRUDER, 
Professor  of  Mechanical  Engineering,  Ohio  State  University. 

It  is  the  practice  of  manufacturing  and  other  busi- 
ness organizations  to  take  an  account  of  stock  at 
least  once  a  year,  and  to  find  out  their  condition  by 
comparing  their  present  with  past  inventories,  and 
their  business  conditions  with  those  of  other  com- 
panies, competitors  and  friends,  as  nearly  as  the 
latter  can  be  learned.  Similarly,  it  is  well  for  edu- 
cational institutions  occasionally  to  make  compari- 
sons of  themselves  with  their  rivals,  and  to  inquire 
if  their  equij^ments,  courses  of  study,  and  the  like, 
are  up-to-date.  With  the  desire  in  mind  of  sug- 
gesting modifications  in  the  curriculum  of  mechan- 
ical engineering  at  the  Ohio  State  University,  of 
adding  new  courses,  offering  electives,  and  of  bring- 
ing the  curriculum  more  up-to-date,  the  accompany- 
ing study  has  been  made  of  the  existing  curriculums 
of  twenty-six  of  the  larger  engineering  colleges  of 
the  country. 

A  table  was  prepared,  four  feet  by  six  feet  in  size, 
which  gives  the  details  of  the  mechanical  engineering 
curriculum  of  each  institution  considered.  Economic 
limitations  forbade  including  all  institutions.  Earnest 
efforts  were  made  to  obtain  the  data  for  the  lately 
revised  curriculum  at  the  University  of  "Wisconsin, 
but  without  success.  The  information  was  obtained 
from  the  latest  catalogues,  1906-07  or  1907-08,  and 
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put  into  the  tabular  form  by  course-number,  year  of 
course,  term,  number  of  credit  hours,  and  of  actual  or 
clock  hours  of  lecture,  recitation  and  practice  per 
week.  It  was  then  submitted  to  the  dean  of  the  col- 
lege of  engineering,  or  to  the  professor  of  mechanical 
engineering,  of  the  institution,  corrected  by  him,  and 
retabulated  in  corrected  form.  Notwithstanding 
the  care  that  has  been  taken,  it  is  quite  probable  that 
there  are  still  a  number  of  errors,  or  inaccuracies, 
which  would  have  been  corrected  if  they  had  been 
known. 

On  account  of  the  prohibitive  cost  for  the  reproduc- 
tion of  this  large  table,  a  summary,  Table  I.,  has  been 
made  of  the  mechanical  engineering  curriculums  by 
subject  groups.* 

In  comparing  the  various  cuiTiculums,  it  must  be 
borne  in  mind  that  certain  subjects  are  classified 
differently  at  the  various  institutions.  For  example, 
practice  work  with  us  in  materials  of  engineering  is 
included  in  engineering  laboratory  work,  and  else- 
where under  mechanics. 

It  must  be  remembered  that  the  requirements  for 
admission  are  dift'erent,  being  usually  higher  at  the 
eastern  institutions  than  in  the  states  of  the  Central 
"West  and  Pacific  slope,  hence  a  curriculum  having 
fewer  hours  at  one  institution  may  carry  a  student 
as  far  as  one  of  more  hours  of  another  institution. 

All  the  curriculums  here  given  are  four  years 
long,  except  that  of  the  Sheffield  Science  School  at 
Yale  University,  which  is  three  years  long.  Some 
of  the  colleges  have  one  or  more  supplementary  prac- 

*  On  receipt  of  fifty  cents  to  cover  the  coet,  the  author  will  send  a 
blue  print  of  this  large  table. 
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tice  terms  in  summer  (Columbia,  Lehigh,  Ohio  State, 
Cinciimati,  Case,  Pennsylvania  State,  Washington, 
Worcester)  or  in  winter  (Stevens). 

The  following  details  may  be  of  special  interest. 
English  is  not  a  required  subject  at  Columbia,  Cor- 
nell, Leland  Stanford  or  California.  The  number  of 
hours  scheduled  varies  from  G-t  hours  at  Michigan 
and  Nebraska  to  224  hours  at  the  University  of 
Illinois. 

French  and  German,  but  not  Spanish,  are  optional 
at  Cincinnati,  Lehigh,  Massachusetts,  Pennsylvania 
State,  Pennsylvania,  Washington,  Worcester,  and 
Yale.  Spanish  is  optional  with  French,  German,  and 
additional  English  at  Illinois,  128  hours  of  recitation. 
Spanish  is  optional  with  French  or  German  at  Ar- 
mour, Iowa  State,  Ohio  State,  Illinois,  Kansas,  and 
Michigan.  Spanish  is  optional  with  French  at  Case, 
170  recitations.  Spanish  is  elective  at  Stevens,  112 
recitations.  Geiman  is  required  at  Case  (170  hours), 
Xew  York  (96  hours),  Purdue  (180  hours),  Stevens 
(2-47  hours).  Xo  French  is  required  or  optional  at 
Purdue  or  Stevens.  French  and  German  are  both 
required  at  Xew  York  L'niversity  (96  hours  each). 
At  Columbia,  Cornell,  Leland  Stanford,  Syracuse, 
California,  Illinois,  Minnesota,  Missouri  and  Xe- 
braska  the  study  of  foreign  languages  is  not  required. 
At  Illinois,  they  are  optional  with  English.  The 
number  of  hours  scheduled  varies  from  90  at  Massa- 
chusetts and  102  at  Armour  and  Iowa  State  to  340 
at  Case. 

Instruction  in  mathematics  ranges  from  182  at  Cor- 
nell to  396  at  Purdue. 

Drawing  ranges  from  128  at  Lehigh  to  612  at  Case. 
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Mechanism  and  machine  design  range  from  20S  at 
California  and  Pennsylvania  and  232  at  Case  to  898 
at  Columbia  and  936  at  Syracuse. 

The  time  allotted  to  chemistry  and  metallurgy 
ranges  from  140  at  Yale  to  527  at  Armour  and  537 
at  Columbia. 

Physics  ranges  from  12S  at  Pennsylvania  .State  to 
391  at  Iowa  State  and  544  at  "Worcester. 

Electrical  engineering  ranges  from  a  total  of  75 
at  Leland  Stanford,  90  at  Massachusetts,  and  96  at 
Illinois  and  Purdue  to  362  at  Missouri  and  400  at 
Pennsylvania. 

History  is  required  at  Armour,  Iowa  State,  Massa- 
chusetts. Pennsylvania  State,  and  Purdue,  and  ranges 
from  34  at  Iowa  State  to  96  at  Pennsylvania  State. 

Economics  and  political  science  are  required  at 
Armour,  Case,  Columbia,  Cornell.  Iowa  State,  Lehigh. 
Massachusetts,  Minnesota.  Xew  York.  Pennsylvania 
State,  Purdue,  Illinois.  Missouri.  Washington,  and 
Worcester,  and  range  from  32  at  Lehigh  and  Missouri, 
and  34  at  Case  to  224  at  Worcester. 

Of  other  cultural  studies.  Armour  requires  68  hours 
in  logic  and  psychology.  Xew  York  48  hours  in  philos- 
ophy, and  Stevens  requires  56  hours  in  logic.  In- 
struction in  mechanics  ranges  from  144  houi's  at 
Syracuse  to  415  hours  at  Leland  Stanford  and  539 
hours  at  Columbia. 

Thirty-six  hours  in  photogi'aphy  is  required  at 
Ohio  State. 

Instruction  in  materials  of  engineering  ranges  from 
16  at  Worcester  to  85  at  Case. 

Structural    engineering   ranges    from   15   hours    of 
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lectures  at  Massaelmsetts  to  192  hours  of  practice  at 
California. 

The  summation  of  instruction  given  in  mechanics, 
materials  of  engineering,  and  structural  engineering 
ranges  from  144  at  Syracuse  to  539  at  Columbia. 

Some  work  is  required  in  surveying  at  15  of  the 
26  institutions  with  a  maximum  of  288  hours  at  New 
York  and  352  at  California.  Shopwork  ranges  from 
150  hours  at  New  York,  195  hours  at  Washington  to 
802  hours  at  Minnesota,  828  hours  at  Purdue  to  1,260 
at  Worcester. 

Mechanical  engineering  laboratory  work  ranges 
from  32  hours  at  New  York  University  to  341  hours 
at  Armour,  352  at  Lehigh  and  Syracuse,  and  384 
hours  at  Nebraska. 

Mechanical  engineering  subjects  other  than  shop 
and  laboratory  range  from  a  total  of  50  hours  at 
Stevens  and  114  hours  at  Cornell  to  766  hours  at 
Columbia. 

Engineering  practice  ranges  from  25  hours  at  Penn- 
sylvania State  to  298  at  Columbia,  and  is  scheduled 
by  this  title  at  8  institutions.  Out-of-town  inspection 
trips  are  required  at  Case,  Lehigh,  Ohio  State,  Purdue, 
and  Stevens. 

Some  work  in  estimates,  contracts,  and  engineering 
law  is  given  at  17  institutions  and  ranges  from  15 
at  Massachusetts,  16  at  Iowa  State,  Pennsylvania 
State,  Syracuse,  Missouri,  and  Worcester  to  64  at 
New  York  and  68  at  Armour. 

Electives  are  allowed  at  five  institutions  as  follows : 
120  actual  hours  at  Massachusetts,  2  credit  hours  at 
Illinois,  3  credit  hours  at  Michigan,   6  credit   hours 
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at  Cornell,  California  and  Minnesota,  7  credit  hours 
at  Nebraska,  and  12  credit  hours  at  Missouri. 

A  thesis  is  required  for  the  bachelor  degree  at 
all  institutions  except  Columbia,  Cornell,  Leland 
Stanford,  Michigan  and  Yale.  A  thesis  is  elective 
at  Cornell  and  Michigan.  The  allowance  for  thesis 
ranges  from  3  credit  hours  at  Lehigh  to  8  credit  hours 
at  Cornell  and  Purdue,  and  12  credit  hours  at  Wor- 
cester, and  from  32  clock  hours  at  New  York  Uni- 
versity to  256  clock  hours  at  Cincinnati.  Of  the  26 
institutions,  15  give  the  degree  of  B.S.,  8  give  the 
degree  of  M.E,,  while  Leland  Stanford  gives  B.A., 
Massachusetts  gives  S.B.  and  Yale  gives  B.Ph. 

Lecture  work  in  colleges  giving  the  B.S.  degree 
ranges  from  16  at  Pennsylvania  State,  64  at  Yale,  102 
at  Case,  112  at  Illinois  to  640  at  New  York  and  703  at 
Massachusetts.  Lecture  work  in  colleges  giving  the 
M.E.  degree  as  the  first  degTce  ranges  from  176  at 
Lehigh  to  1231  hours  at  Columbia. 

Eecitation  work  among  those  colleges  giving  the 
B.S.  degree  ranges  from  791  at  Leland  Stanford,  849 
at  California  to  1960  at  Case.  Eecitation  work  at  the 
colleges  giving  the  M.E.  degTee  ranges  from  741  at 
Cornell  and  833  at  Columbia  to  1,482  at  Ohio  State 
and  1,488  at  Lehigh.  The  1712  hours  scheduled  as 
recitations  at  Cincinnati  includes  lectures. 

Practice  work  among  the  colleges  giving  the  B.S. 
degree,  or  its  equivalent,  ranges  from  456  at  Yale, 
1,382  at  New  York,  1,455  at  Massachusetts  to  2,415 
at  Iowa  State,  2,464  at  Nebraska,  and  3,052  at  "Wor- 
cester. Practice  at  those  colleges  giving  the  M.E. 
degree  ranges  from  1,862   at  Lehigh,   2,080  at  Ohio 
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State,  1,973  at  Stevens,  2,766  at  Minnesota  and  2,984 
at  Columbia. 

The  total  number  of  hours  of  instruction  in  lecture, 
recitation,  and  practice  among  those  colleges  giving 
the  B.S.  degree  ranges  from  1,706  at  Yale  to  3,112 
at  Massachusetts,  3,104  at  California,  3,222  at  Leland 
Stanford  to  4,618  at  Armour  and  4,604  at  Worcester. 
The  total  instruction  by  hours  given  in  the  colleges 
giving  the  M.E.  degree  ranges  from  3,526  at  Lehigh 
and  3,563  at  Cornell  to  4,147  at  Minnesota,  4,384  in 
the  regular  four-year  mechanical  engineering  curri- 
culum at  Cincinnati  and  5,048  at  Columbia. 

The  author  will  be  glad  to  receive  suggestions,  not 
only  from  educators,  but  from  practicing  engineers, 
of  what  subjects  should  be  included  and  excluded  and 
to  what  extent  they  should  be  taught  in  a  mechanical 
engineering  curriculum  of  the  highest  professional 
grade.  Let  the  practicing  engineer  accept  this  offer 
and  give  us  practical  and  workable  suggestions,  re- 
membering, however,  that  young  men  have  mental 
limitations  just  as  much  now  as  was  the  case  when 
they  were  boys,  and  that  demands  for  equipments 
and  new  and  detailed  curriculums  have  expanded 
faster  than  any  one  human  mind  can  follow. 

Discussion. 

Professor  D.  C.  Jackson  :  I  have  some  doubt  as  to 
the  propriety  of  drawing  hard  and  fast  conclusions 
from  any  data  of  this  kind  until  the  chart  is  com- 
pared with  the  catalogue  of  the  institutions  under 
consideration.  The  point  I  want  to  draw  attention 
to  is  the  fallacy  of  using  such  charts,  not  because  the 
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compiler  has  not  done  Ms  full  duty,  but  because  we 
do  not  have  enough  similarity  of  subjects  in  the 
various  colleges  to  make  it  possible  to  put  the  sub- 
jects together  so  that  they  will  compare.  I  doubt 
veiy  much  whether  we  could  make  a  chait  which  is 
perff?::';"  -a:-  ^:'l:out  going  to  the  individual  colleges. 
PeojzsS':?-  l[A':Tr.LTjEE :  I  would  say  that  I  could  only 
improve  upon  this  by  accepting  the  suggestion  of 
going  to  each  institution  and  staying  there  a  week  to 
g-rt  ::.e  facts  ar.  1  r-2ures.  These  figures  have  t^een 
examined  by  the  ii-vl  ''f  a  department  of  each  insti- 
tution. I  can  no:  .-ay  t::iat  they  are  all  wrong,  but  I 
am  thankful  to  receive  as  many  corrections  as  pos- 
sible. Oi  com^se  we  all  err.  and  I  am  confident  that 
there  are  errors  in  the  tabulation  of  this  work,  and 
wi'l  '  ^  _"ad  to  have  corrections  made  at  any  time. 
eiti^cr  :i.  person  or  by  correspondence. 


ADAPTING    MEANS    TO    THE    ENDS    IN    TECH- 
NICAL  EDUCATION. 

BY    ARTHUR    L.    RICE, 
Editor  of  Practical  Engineer,  Chicago,  111. 

In  a  recent  article,  a  man  who  is  in  control  of  a 
chain  of  big  factories,  and  who  is  known  for  his  bene- 
factions to  employees  and  for  his  interest  in  educa- 
tion, asks  and  answers  to  his  own  satisfaction  the 
question  "Why  do  technical  schools  fail?"  His  solu- 
tion is  that  they  teach  young  men  to  despise  real  work. 
Unfortunately  for  the  value  of  his  conclusion  as  an 
unbiased  opinion,  he  condemns,  in  the  course  of  the 
article,  every  kind  of  education,  trade,  engineering, 
liberal,  and  classical,  and  education  in  every  grade 
from  manual  training  high  school  to  university  in  toto 
as  destructive  and  pernicious,  and  consigns  the  whole 
heterogeneous  lot  of  teachers,  principals,  instructors, 
professors,  deans,  presidents  and  trustees  to  ever- 
lasting torment,  as  their  just  desert  for  so  deluding 
and  defrauding  earth's  young  men  and  maidens. 
But,  manual  training  up  to  and  through  the  gi-ammar 
grade,  so  he  says,  is  "exceedingly  useful." 

Notwithstanding  our  disagreement  with  Mr.  Crane, 
•  whose  violence  in  statement  destroys  the  force  of  his 
argument,  it  is  evident  from  the  unrest  among  em- 
ployers of  technically  trained  men,  among  the  men 
themselves  and  among  the  teachers  that  all  is  not 
right  in  our  system  for  making  mechanics  and  engi- 
neers. 
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It  was  natural,  in  the  first  attempts  to  give  an 
engineering  course,  that  an  assemblage  of  studies 
should  be  made  out  of  the  materials  at  hand  in  the 
classical  departments  where  such  courses  were  intro- 
duced in  colleges.  Courses  going  to  the  other  ex- 
treme were  tried,  as  at  Worcester,  Mass..  and  at 
Urbana,  111.,  which  were  nearly  all  shop  practice. 
Both  plans  had  good  elements ;  neither  gave  an  engi- 
neering course.  The  apprentice  system  was  then  in 
vogue  in  the  shops  of  the  country  so  that  the  need  for 
school-trained  workmen  did  not  exist  as  now.  What 
was  sought  was  a  shorter  and  more  certain  road  to 
fitness  for  designing  and  management  of  construction 
than  was  offered  through  shop  promotion. 

Development  has  proceeded  from  the  classical 
com'se  toward  the  shop  and  from  the  shop  course 
toward  the  college  until  reasonable  uniformity  has 
been  attained.  But.  in  the  meantime,  conditions  have 
entirely  changed  so  that  these  courses  are.  at  the 
present  time,  attempting  to  straddle  a  situation 
that  refuses  to  be  straddled.  If  we  should  go  back 
to  the  original  courses,  or  to  something  near  them, 
we  should  approach  a  system  that  would  fit  the  in- 
dustrial needs  of  to-day  better  than  do  the  present 
courses.  Engineering  has  been  intensified  along  the 
professional  line:  so  has  shop  production,  railroad 
building,  and  power  station  practice. 

Into  the  old  classico- technical  course  went  many 
boys  who  were  well  fitted  to  become  foremen,  but 
who  had  no  imagination.  How  could  they  ever  be- 
come engineers  I  But  they  tried  hard,  and  went  from 
these  courses  into  machine   shops  where  they  failed 
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from  lack  of  detailed  knowledge,  and  discredited  the 
system. 

*' Impractical !  We  must  have  more  'actual'  engi- 
neering and  not  so  much  theory,"  was  the  verdict  of 
the  men  who  paid  the  wages.  But,  if  the  boy  was 
really  an  embryo  engineer,  he  ''got  there." 

The  similar  course  of  events,  with  the  boot  on  the 
other  foot  attended  the  shop  course;  but  that  extreme 
was  the  better  of  the  two,  for  it  helped  the  man  who 
was  born  to  be  an  engineer  in  his  progress  and  it  left 
the  mechanic  not  unfitted  for  the  bench. 

Xow-a-days  in  order  to  fit  our  subdivision  of  re- 
sponsibility and  labor,  we  need  engineers,  men  with 
a  liberal  education  having  broad  and  enlightened 
minds,  captains  of  industry,  fitted  to  control  both 
men  and  construction;  and  artisans  who  are  real 
craftsmen,  not  mere  machines.  But  have  we  tech- 
nical courses  in  any  way  suited  to  furnish  such  a 
variety  of  men? 

Certainly  you  all  have  courses  that  may  be  made  to 
answer.  But  are  they  efficient?  The  only  tools  used 
by  the  Pilgrims  in  house  construction  were  spade,  ax 
and  saw.  They  did  the  work.  But  a  contractor  who 
started  a  modem  building  with  that  outfit  to-day 
would  hardly  be  regarded  as  having  equipment  suited 
to  his  work.  Give  him  time  and  he  might  produce 
a  mansion,  a  skyscraper,  or  even  a  modest  bungalow 
of  the  $20,000  variety.  But  wouldn't  he  do  far  better 
to  get  the  right  "kit  of  tools"  before  he  started! 

The  boy  who  ought  to  be  and  wants  to  be  a  good 
craftsman  has  just  as  much  right  to  be  properly 
trained  for  it  without  waste  of  his  time  or  effort  as 
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has  the  one  who  by  nature  and  by  choice  is  to  be  re- 
sponsible for  our  future  inland  water  ways  and  great 
tidal  energy  power  stations.  Each  also  has  the  right 
and  the  need  first  of  all  to  be  helped  to  the  best  cit- 
izenship of  which  he  is  capable,  to  have  his  intelli- 
gence, sympathy,  patriotism  and  helpfulness  devel- 
oped as  much  as  possible. 

The  student  engineer  needs,  and  should  have,  a 
professional  training;  a  liberal  education  which  will 
discipline  the  mind,  impart  an  understanding  of 
principles  and  a  knowledge  of  facts,  develop  the 
power  of  expression,  cultivate  the  emotional  sym- 
pathy and  sharpen  the  moral  faculty.  He  should 
be  a  scholarly  man  well  fitted  to  become  in  the 
highest  sense  an  engineer. 

The  young  craftsman  needs  manual  skill,  an  active 
brain  and  a  keen  sense  of  duty;  the  desire  and  the 
trained  instinct  to  find  the  best  and  quickest  way  to 
do  his  work;  and  an  artistic  sense  of  proportion 
which  will  tell  him  when  such  details  as  are  left  to 
his  judgment  are  well  done.  He  needs  to  know  the 
laws  of  personal  hygiene  and  the  principles  of  eco- 
nomics and  economy,  and  to  have  an  outlook  into  the 
fields  of  science  and  good  literature  which  will  at- 
tract him  in  those  directions  rather  than  to  trash  for 
his  relaxation. 

In  between  these  two  comes  a  third,  a  course  in- 
tended for  a  distinct  puii)Ose,  the  industrial  or  secon- 
dary-technical course,  which  fits  for  foremen,  super- 
intendents and  managers;  a  course  which  covers  the 
craftsman's  field,  some  applications  of  engineering 
formulas  to  the  design  of  details,  the  principles  of 
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business  organization  and  of  economics.  ^lore  knowl- 
edge of  science  and  mathematics  than  is  needed  by  the 
craftsman  and  some  idea  of  the  management  of  men. 

The  Society  for  the  Promotion  of  Industrial  Edu- 
cation is  advocating  a  general  system  for  training 
our  youth  for  vocations.  This  is  sensible  if  rightly 
done. 

Perhaps  the  Foremanship  training  will  be  solved  by 
some  such  system  as  advocated  by  Mr.  F.  A.  Waldron 
in  the  American  Machinist  for  April  2,  1908,  which  pro- 
vides for  progressive  evening  or  other  part  time  train- 
ing covering  foremen,  superintendents  and  managers. 
Engineering  training,  to  which  this  society  is  de- 
voted will  then  be  free  to  train  only  engineers ;  to 
pick  carefully,  by  a  course  which  shall  be  sufficiently 
general  in  its  first  year  to  be  useful  to  all,  yet  having 
enough  engineering  to  test  the  boy's  tastes,  those  who 
are  really  fitted  for  engineering ;  then  to  give  them  the 
liberal  engineering  training  that  they  must  have  if 
they  are  to  stand  in  their  profession  on  a  par  with 
lawyers,  and  doctors  and  other  professional  men,  in 
leadership,  in  the  routine  of  business  and  in  all  hu- 
man relations. 


THE     CORRELATION     OF     COURSES     IN     ENGI- 
NEERING   COLLEGES. 

BY    GAEDXER    C.    AXTHOXY, 
Dean  of  the  Department  of  Engineering,  Tufts  College. 

I  desire  to  state  briefly  a  few  of  the  salient  fea- 
tures of  that  portion  of  the  work  at  Tufts  College 
which  has  brought  about  a  greater  degree  of  unity 
in  the  work  of  the  engineering  school. 

My  observation  leads  me  to  believe  that  the  value 
of  the  training  in  an  engineering  college  is  more  de- 
l^endent  on  an  effective  correlation  throughout  a 
department  than  on  the  suj^erior  excellence  of  indi- 
\'idual  courses.  Also,  that  the  student  body  should 
be  made  to  realize  the  interdependence  of  studies 
early  in  their  college  life  and  should  not  regard  a 
subject  as  completed  because  the  final  examination 
in  it  has  been  passed. 

To  create  this  appreciation  it  is  necessary  for  the 
members  of  a  faculty  to  work  together  as  a  unit 
in  the  harmonious  development  of  their  courses;  and 
to  utilize,  as  much  as  possible,  the  knowledge  already 
acquired  by  the  students.  An  excellent  medium  for 
the  inauguration  of  this  cooi^erative  movement  is  the 
faculty  meeting,  the  time  of  which  may  be  more 
wisely  devote  to  this  subject  than  to  many  of  the 
topics  that  are  usually  granted  consideration.  To 
this  end  we  have  found  it  profitable  to  spend  much 
of  the  time  of  meetings  in  listening  to  the  presenta- 
tion  of  the   work   of   several   departments    and    dis- 

(126) 


THE   CORRELATION   OF   COXTRSES.  127 

cussing  the  details  of  the  courses  in  their  relation  to 
each  other  for  the  purpose  of  creating  new  and  more 
intimate  relations  between  the  departments.  I  do 
not  believe  that  this  should  be  done  for  the  purpose 
of  saving  repetition  due  to  the  overlapping  of  courses 
although  this  may  be  accomplished  at  times,  but 
rather  to  use  this  common  ground  for  the  greater 
emphasis  of  fundamental  principles  and  to  promote 
a  more  logical  sequence  in  courses. 

One  naturally  expects  the  department  of  mathe- 
matics to  cooperate  with  the  courses  which  are  dis- 
tinctively engineering  but  we  are  only  just  beginning 
to  properly  fuse  the  mathematics  and  allied  courses 
and  to  avoid  the  abrupt  transition  which  formerly 
existed,  as  well  as  to  lessen  the  terrors  of  a  name  by 
introducing  the  subject  matter  as  a  natural  sequence 
of  more  elementary  principles  which  are  known  to  be 
harmless. 

Professor  Ransom,  one  of  our  teachers  of  mathe- 
matics, who  was  new  to  the  work  of  an  engineering 
school,  submitted  to  his  colleagues  a  list  of  more  than 
a  hundred  questions  on  the  uses  made  of  many 
mathematical  topics  in  technical  courses.  The 
answers  were  made  the  basis  of  a  series  of  inter- 
views with  engineering  instructors  concerning  the  dif- 
ference between  the  mathematical  and  practical  atti- 
tude toward  the  instruction  in  engineering  mathe- 
matics. The  questions  related  to  the  character  of  the 
problems  and  formulae  used  in  the  various  courses; 
the  method  of  solution;  the  accuracy  required;  the 
tables,  and  the  mathematical  instruments  employed. 
The  instructors  were  asked  to  indicate  the  degree  of 
use  made  of  the  several  topics  and  to  state  if  they 
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were  frequently  used;  sometimes  but  seldom  used; 
never  used ;  or  if  it  would  be  desirable  for  the  student 
to  have  greater  familiarity  with  these  mathematical 
tools.  This  led  to  the  more  general  consideration  of 
the  relation  of  mathematics  to  engineering  as  illus- 
trated by  the  following: 

Ought  not  the  mathematical  instructor  to  recognize 
that  most  of  an  engineer's  work  is  done  with  approxi- 
mate numbers,  and  drill  the  student  on  better  methods 
of  multiplying,  placing  the  decimal  point,  and  ar- 
ranging calculations? 

Do  not  reversed  multiplication  and  the  slide  rule 
belong  to  engineering  mathematical  courses  as  much 
as  the  use  of  logarithms? 

Are  the  examples  used  by  mathematics  writers  at 
all  adequate  for  teaching  the  use  of  radian  measure 
and  naperian  logarithms  effectively? 

Does  the  usual  course  in  analytical  geometry  fail 
to  ensure  facility  in  making  the  connection  between 
such  graphs  and  equations  as  arise  in  practice?  Is 
not  the  point  of  view  too  geometrical  and  insufficiently 
graphical  ? 

Does  not  a  student  need  an  earlier  acquaintance 
with  the  fundamental  conceptions  of  the  calculus 
than  is  possible  when  so  much  attention  is  given  to 
the   working   out    of    derivates    and   integrals? 

Are  there  not  many  problems,  as  for  example: 
projectiles,  pendulum,  parallelogram  law,  centrifugal 
force,  elementary  beam  theory,  entropy,  errors — that 
deserve  cooperative  treatment,  their  special  mathe- 
matical features  being  discussed  in  the  mathematics 
divisions  at  the  same  time  that  the  practical  side  is 
being  taken  up  in  the  appropriate  course? 
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The  result  of  the  answers  was  put  to  immediate 
use  in  the  mathematical  course  and  has  brought  about 
a  complete  revision  of  the  methods  of  teaching  and 
order  of  subject  matter  in  this  department. 

The  cooperation  of  the  departments  of  French  and 
graphics  has  been  productive  of  a  mutual  stimulus 
and  this  has  been  made  easier  by  reason  of  their 
being  under  the  same  administration,  French  courses 
in  the  department  of  engineering  being  indej^endent 
of  those  in  the  college  of  letters.  Mr.  Haydeu.  our 
instructor  in  French,  joined  a  class  in  descriptive 
geometry  for  the  purpose  of  getting  into  touch  with 
the  work  of  the  engineers  and  to  acquaint  himself 
with  a  course  which  might  serve  as  a  profitable  sub- 
ject for  the  reading  of  scientific  French.  During  this 
period  frequent  allusions  were  made  to  the  treatment 
of  the  subject  by  French  writers  and  before  the  end 
of  the  semester  Mr.  Hayden  suggested  that  the  class 
make  use  of  this  material  for  some  of  their  reading. 
The  class  was  enthusiastic  in  pursuing  this  related 
course,  especially  as  the  students  were  well  aware  that 
the  best  man  in  the  descriptive  geometry  class  was 
their  instructor  in  French.  This  cooperative  work 
also  served  other  purposes.  It  was  a  great  stimulus 
to  me,  the  instructor  of  the  descriptive  geometiy 
class,  to  have  a  trained  student  before  me  who  was  a 
close  observer  of  methods  and  seeking  the  maximum 
of  instruction  for  the  minimum  expenditure  of  time. 
He  was  an  excellent  example  to  the  class,  in  that  he, 
having  had  no  engineering  training  or  preparation 
such  as  was  required  of  the  remainder  of  the  class, 
easily  distanced  the  best  student,  with  not  more  than 
two  thirds  of  the  effort.      This  experience  impressed 
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me  with  the  importauce  of  the  advantage  to  be  de- 
rived from  visits  of  this  sort  by  members  of  the 
teaching  staff.  Mr.  Hayden  has  since  annotated  for 
class  use  an  elementary  French  treatise  on  descrip- 
tive geometry.  This  will  be  in  readiness  for  our 
next  years  class,  which  will  read  it  while  pursuing 
the  course  in  descriptive  geometry.  As  the  special 
vocabulary  of  the  subject  is  limited,  and  as  there  is 
no  great  variation  in  the  theme,  only  a  limited  time 
will  be  given  to  it. 

Here  are  some  of  the  obser^^ations  of  Mr.  Hayden 
on  his  experience  in  teaching  French  to  engineers : 

The  reading  of  scientific  French  should  be  limited 
to  elementary  subjects  which  are  easily  comprehended 
and  are  being  studied  at  the  same  time,  such  as  ele- 
mentary physics  and  mechanics,  surveying,  and  de- 
scriptive geometiy.  The  chief  value  lies  in  the 
mathematical  accuracy  of  rendering  which  enables 
the  instructor  to  prove  the  necessity  for  ac<?uracy  of 
expression  in  a  convincing  manner.  It  is  one  of  the 
best  methods  of  teaching  English.  Again,  this  corre- 
lation of  the  French  and  technical  courses  is  a  digni- 
fied and  legitimate  method  of  increasing  the  popu- 
larity of  the  subject  and  enables  the  student  to  obtain 
a  view  point  outside  of  his  native  language.  It  is 
not  necessary  that  scientific  reading  be  taught  by  an 
engineer,  but  it  is  very  important  that  the  teacher 
should  be  familiar  with  the  subject  read. 

Of  course  all  that  has  been  said  with  respect  to 
French  applies  equally  well  to  German,  but  it  has 
chanced  that  our  ex]3erience  has  been  greater  with 
French. 

The  correlation  of  the  Ensrlish  and  technical  courses 


THE  COKRELATIOX   OF   COURSES.  131 

is  even  more  interesting  because  of  the  greater 
extent  of  common  gi'ound.  In  order  to  obtain  the 
best  results  it  is  important  that  the  department  of 
English  be  administered  by  the  engineering  school, 
a  separation  of  the  classes  in  letters  and  science  being 
made.  The  engineering  student  needs  a  special 
training  in  technical  English:  He  needs  to  do  ele- 
mentary work  in  a  somewhat  different  manner  to 
produce  results  commensurate  with  those  of  the  candi- 
dates for  the  A.B.  degree:  He  needs  to  approach 
literary  work  in  a  somewhat  different  way  to  obtain 
the  best  results.  Our  department  of  English  is  not 
conducted  by  men  who  have  had  an  engineering 
training,  but  by  those  whose  education  has  been  en- 
tirely of  a  literary  character.  The  success  which  they 
have  attained  is  due  to  their  appreciation  of  the  needs 
of  the  engineering  student.  I  will  quote  briefly  from 
Professor  Earle's  statement  concerning  these  differ- 
ences as  brought  out  by  his  experience  with  the  engi- 
neering students  at  Tufts.     He  says  in  part : 

The  engineer,  as  we  find  him,  is  fully  as  active 
minded,  fully  as  original  a  thinker  as  the  A.B. 
student  but: 

1.  He  has  less  command  of  expression  and  of 
literary  appreciation, 

2.  He  is  naturally  not  so  much  interested  in  lan- 
guages and  is  not  taking  collateral  language  study. 

3.  It  is  not  usual  for  him  to  have  had  much  of  that 
invaluable  training  which  is  obtained  from  a  proper 
study  of  Latin  and  Greek. 

Therefore  he  needs  to  be  treated  differently  in 
order  to  obtain  the  best  results  of  which  he  is 
capable.     To  this  end  his  English  should  be  expressly 
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a  training  and  he  should  be  made  to  realize  that  his 
defects  in  expression  are  largely  due  to  inaccurate 
thought  rather  than  to  infractions  of  grammatical 
principles:  That  he  should  be  led  to  discover  these 
defects,  to  define  them  and  to  remove  them.  Again, 
he  needs  training  in  the  writing  of  technical  papers. 
General  composition  and  practice  in  wiiting  is  not 
enough.  His  case  is  no  different  from  that  of  the 
man  who  is  writing  legal  treatises,  sermons,  histories, 
dramas,  or  poems.  Instruction  in  technical  exposi- 
tion is  specially  necessary,  for  unlike  all  other  forms 
of  writing  it  has  been  little  studied  in  school  or  out 
of  it.  This  form  of  composition  is  difficult  judging 
from  the  daily  experience  with  classes  in  this  subject. 
Finally  he  needs  to  approach  literary  work,  both 
creative  and  appreciative,  in  a  diff'erent  way  from  the 
A.B.  student. 

Serious  difficulties  stand  in  the  way  of  the  engineer 
who  takes  this  work  wholly  with  candidates  for  the 
degree  of  A.B.  He  is  discouraged  because  the  work 
is  designed  to  call  for  c^ualifications  which  he  has 
not.  rather  than  for  those  he  has.  and  he  feels  that 
he  cannot  compete  successfully  with  the  academic 
student.  Fearing  to  betray  ignorance  which  would 
seem  inexcusable  to  others  in  his  class,  he  does  not 
ask  the  questions  he  would  wish  to.  (This  was  sug- 
gested as  an  important  point  by  a  member  of  the 
sophomore  class.)  He  is  inclined  to  think  work  ''in 
the  other  department  "  not  an  organic  part  of  his 
course,  not  necessary,  and  therefore  of  decidedly 
secondary  importance. 

Literary  work  to  have  real  value  to  the  engineer 
must  not  be  a  part  of  a  general  course  in  literature, 
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but  must  be  a  part  of  the  life  he  is  living  and  is  to 
live.  Even  in  his  undergraduate  life  the  demands 
for  a  great  variety  of  literary  work  are  present,  and 
he  must  be  trained  to  meet  them  in  an  adequate 
manner. 

As  regards  the  cultural  value  of  academic  courses 
Professor  Earle  says: 

"Culture  is  not  something  to  which  one  needs  to 
be  exposed:  or  something  to  be  added  to  a  course 
which  would  otherwise  'leave  the  gates  of  true  educa- 
tion forever  closed,'  but  the  result  of  the  way  in 
which  all  the  work  is  given  the  student,  and  above  all 
the  result  of  the  way  in  which  he  takes  his  whole 
course.  The  engineering  student  has  already  settled 
down  to  special  work  so  that  he  is  no  longer,  as 
the  A.B.  student  should  be,  in  a  position  to  obtain 
a  broad  view  of  literature  and  to  love  it  simply  for 
its  own  sake.  To  be  broad  he  should  not  try  to 
leave  his  special  field  and  seek  a  better,  he  should 
learn  to  see  his  work  as  it  is,  in  itself  essentially  broad 
and  worthy.  The  engineering  course  has  no  place 
in  college  unless  it  is  as  broad  for  the  young  man 
whose  interests  have  turned  toward  applied  science 
as  the  academic  course  is  for  him  who  inclines  to 
literature,  philosophy,  or  art;  but  that  breadth  can- 
not be  for  such  students  unless  the  whole  course  has 
vital  unity." 

One  of  the  interesting  results  of  this  movement  at 
Tufts  is  in  the  increase  in  contributions  to  the 
Tuftonian,  the  only  purely  literary  publication  of  the 
student  body.  Until  very  recently  the  engineers 
manifested  no  interest  in  writing  for  this  magazine, 
but  during  the  past  year  the  engineering  students  in 
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competition  with  those  in  the  A.B.  course  have  con- 
tributed more  than  4")  per  cent,  of  the  prose  ailicles 
and  this  percentage  would  have  been  much  increased 
had  it  not  been  that  much  of  the  manuscript  was  re- 
jected without  being  read. 

An  excellent  illustration  of  the  interest  manifested 
in  English  coui'ses  was  the  i>etition  of  a  large  class 
of  sophomores  to  have  a  half  year  course  continued 
through  the  year.  In  order  to  have  elected  this 
course  most  of  the  class  would  have  been  forced  to 
choose  between  it  and  a  course  in  surveying.  As  it 
was  not  expedient  to  continue  the  subject  through  the 
year  several  of  the  class  elected  a  course  on  ••  Poets 
of  the  Victorian  Era."*  given  in  the  college  of  letters. 
English  is  now  being  elected  to  a  considerable  degree 
by  juniors  and  some  by  seniors. 

Besides  the  regular  course  of  instruction  by  themes, 
conferences  and  recitations  the  freshmen  listen  to 
several  lectures  by  members  of  the  faculty  and  others 
not  connected  with  the  school,  who  speak  on  subjects 
related  to  the  assignment  for  themes:  but  these 
si>eakers  are  instracted  to  emphasize  the  importance 
of  good  expression  and  clear  thinMng  as  related  to 
their  own  profession  or  business. 

We  are  laying  more  stress  on  the  English  work  of 
all  the  depaiiments  and  trying  to  impress  the  student 
with  the  importance  of  writing  well  on  all  occasions. 
Our  course  in  pattern-making  given  in  the  freshman 
year  requires  considerable  descriptive  work  on  the 
part  of  students.  The  graphic  part  goes  to  the 
teacher  of  di^awing  for  the  criticism  of  sketches  and 
the  written  portion  to  the  English  department.     Some 
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of  the  tests  in  the  pattern-making  course  are  given 
as  a  part  of  the  English  course. 

But  we  never  shall  meet  with  the  desired  success  in 
English  until  the  teachers  of  our  engineering  schools 
cooperate  to  the  extent  of  considering  their  first 
duty  to  be  that  of  a  critical  examination  of  the  ability 
of  their  students  to  express  themselves  clearly,  briefly, 
and  in  acceptable  form,  and  to  practice  this  on  all 
occasions,  in  the  class  room,  the  descriptive  theme, 
the  written  test,  or  examination  paper. 

Is  there  any  cooperation  more  needed  than  this? 
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ENGINEERING. 

BY    AKTHUE    S.    WRIGHT, 
Professor  of  Modern  Languages.  Case  School  of  Applied  Science. 

The  special  work  of  the  engineering  school  is  to 
train  for  professional  efficiency;  but  the  measure  of 
professional  efficiency  is  dependent  upon  the  char- 
acter and  ideals  of  the  man.  The  new  education,  as 
the  old,  will  be  judged  by  the  quality  of  manhood  it 
helps  to  create. 

Society  needs  men— men  who  think  quickly  and  ac- 
curately, who  feel  strongly  and  generously;  men  of 
sound  judgment  and  catholic  temper;  men  with  a  fine 
sense  of  personal  and  professional  rectitude :  men  who, 
as  Governor  Hughes  said  the  other  day,  are  to  be 
"trustees  of  the  future  of  a  great  country."  Bare 
men  are  these,  the  product  of  native  endowment,  of 
home  environment,  of  the  education  of  school  and  of 
life.  No  institution  may  send  forth  a  large  percent- 
age of  such,  but  every  institution  should  try  to. 

Much  depends  upon  the  curriculum;  more  depends 
upon  the  teaching  force.  Boards  of  trustees  deter- 
mine the  latter;  faculties  the  former.  The  boards 
have  done  their  part  well;  the  faculties  are  trying  to 
do  theirs.  Though  the  new  schools  are  utilitarian  in 
aim  and  method,  studies  which  contribute  to  breadth 
of  culture  have  found  their  way  into  the  curricula, 
and  among  these,  foreign  languages.     Their  introduc- 
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tion  has  been  based  upon  a  com^iction  of  their  worth. 
They  are  classed  among  the  humanities,  the  pursuit 
of  which  contributes  to  a  tnie  idealism.  Moreover 
it  is  believed  that  the  foreign  languages  can  be  used 
as  tools  in  professional  work.  But  there  are  no 
fetich  worshippers  among  the  new  schoolmen.  The 
schools  of  science  have  a  new  cult:  there  will  be 
little  hesitancy  in  casting  out  dumb  oracles.  Foreign 
languages  must  submit  to  the  same  test  as  other 
branches  of  learning— that  of  eflSciency. 

There  can  be  no  question  that  there  is  a  feeling 
among  leading  exponents  of  the  new  education  that 
the  study  of  French.  Gennan  and  Spanish  in  our 
technical  schools  has  not  accomplished  what  was  ex- 
pected. Let  me  quote  the  words  of  two  of  them,  the 
first  an  educator  of  high  rank. 

He  says:  "German  and  French  have  been  assumed 
to  be  not  only  of  great  value  as  culture  studies,  but  to 
be  tools  in  the  hands  of  the  students  as  well.  As  a 
matter  of  fact,  they  have  generally  served  neither 
purpose  and  have  simply  added  a  load  to  the  stu- 
dents' work.  The  study  is  continued  in  an  intermit- 
tent way  for  two  or  three  years,  by  which  time  the 
student  has  obtained  the  merest  smattering  of  the 
language.  Modern  languages,  as  they  are  taught, 
have  added  almost  nothing  to  the  cultural  side  of  the 
curricula  of  our  schools  of  technology,  and  little  to 
the  technical  preparation.  They  do  not  to-day  justify 
their  place  in  our  curricula." 

The  second,  a  consulting  engineer,  of  foreign  birth, 
writes  me  as  follows:  '*As  far  as  I  have  observed, 
the  language  teaching  in  schools  produces  very  meagre 
results,  in  no  proportion  to  the  cost,  effort  and  time 
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of  teacliing.  The  only  change  I  would  suggest  is  the 
total  abolishment  of  the  fad,  and  advising  pupils  who 
c^n  afford  it  to  take  a  year  or  two  at  a  foreign  tech- 
nical school  for  rounding  off  their  education  there." 
Desiring  to  know  to  what  extent  this  distrust  of  the 
efficiency  of  modern  language  instruction  in  technical 
schools  is  shared  by  the  engineering  profession,  I 
sent  out  recently  a  circular  letter  to  116  engineers, 
requesting  an  answer  to  the  following  five  questions: 

1.  Should  a  well-trained  engineer  be  able  to  read 
the  technical  journals  and  treatises  of  at  least  one 
foreign  language? 

2.  TThich  foreign  language  is  of  most  value  to  the 
engineer  and  why? 

3.  Can  a  foreign  language  be  so  taught  in  an  engi- 
neering school  that  the  student  will  be  able  to  read 
its  technical  literature? 

4.  TThat  should  be  the  primary  end  of  instruction? 

5.  TThat  changes  would  you  suggest  in  the  present 
methods  of  instiTiction  ? 

About  one  hundred  of  my  letters  were  addressed  to 
members  of  this  Society:  the  others  to  engineers 
wholly  engaged  in  the  practice  of  their  profession. 
The  response  was  far  beyond  my  expectations.  Of  the 
116  addressed.  95  answered.  Many  took  pains  to  set 
forth  their  views  in  detail.  I  was  astonished  to  find 
that  practical  engineers  had  given  so  much  thought 
to  the  subject,  and  delighted  to  discover  so  generous 
an  appreciation  of  the  value  of  language  study. 
Many  of  the  suggestions  were  practical  and  I  should 
like  to  quote  them  at  length— indeed  I  should  like  to 
quot-e  whole  letters— but  the  limits  of  time  permit 
onlv  a  summarization. 
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The  first  question  I  regarded  as  crucial,  and  as  pre- 
senting the  main  issue.  Of  the  95  answering  it,  70 
gave  a  categorical  '^yes,"  or  an  equivalent,  as  "most 
decidedly,"  ''certainly,  two  languages";  6  answered 
"no":  17  "desirable"  or  "advantageous";  2  were 
indefinite.  Let  me  quote  the  words  of  one  prominent 
engineer,  not  engaged  in  teaching,  as  indicative  of  the 
general  tenor  of  the  answers:  "I  belive  it  is  almost 
imperative  for  an  engineer,  in  order  to  be  successful, 
to  understand  foreign  languages,  at  least  suflBciently 
to  enable  him  to  read  technical  journals  and  books." 

Of  the  88  who  answered  the  second  question,  61 
think  German  the  important  language ;  8  others  regard 
it  as  the  most  valuable  for  certain  lines  of  engineer- 
ing, French  or  Spanish  for  other  lines;  6  have  no 
choice  between  it  and  French;  5  vote  unqualifiedly 
for  French,  3  for  Spanish;  5  are  indefinite. 

Sixty-nine  believe  that  foreign  languages  can  be 
successfully  taught  for  practical  ends  in  the  engineer- 
ing school.  Three  answer  this  third  question  with  a 
"no;"  several  feel  that  the  results  sought  are  not, 
but  might  be,  attained  in  their  institutions ;  the  others 
give  no  opinion.  The  answer  of  Professor  Franklin, 
of  Lehigh,  is  significant:  "I  think  that  our  Modern 
Language  Department  accomplishes  this  result,  but 
that  the  ability  is  soon  lost  because  our  technical  de- 
partments do  not  keep  the  men  at  the  thing  during 
Junior  and  Senior  years."  Of  this  I  shall  have  more 
to  say  later. 

Question  four:  "^Tiat  should  be  the  primary  end 
of  instruction?"  was  indefinite  and  the  answers  were 
indefinite.  Let  me  quote  a  few:  "To  be  able  to  tap 
promptly  the  great  knowledge  that  such  foreign  Ian- 
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gnages  convey;"  ''to  understand  the  people  whose 
language  it  is;"  **for  its  cultural  value:"  "usefulness, 
followed  by  cultural  value  as  a  close  second:"  ''to 
speak  and  read;"  "for  cultural  value  and  the  as- 
sistance it  renders  in  the  use  of  the  native  tongue." 
The  answers,  it  will  be  seen,  are  varied,  but  the  large 
majority  make  the  primary  end,  the  ability  to  read 
technical  literature.  President  Drinker  writes:  "We 
think  here  at  Lehigh  that  the  main  end  is  the  acqui- 
sition of  a  reading  knowledge  of  technical  journals, 
and  I  think  that  coui'ses  can  be  profitably  planned  to 
that  end." 

I  can  not  incorporate  in  this  paper  the  suggestions 
made  under  question  five  for  changes  in  method.  I 
may  quote  a  few:  "remove  the  subject  from  the 
curriculum  or  devote  much  more  time  to  it  and  pro- 
duce results;"  "require,  as  rapidly  as  possible,  a 
general  college  course  with  language  training  as  a  re- 
quirement for  entrance  upon  the  professional  engi- 
neering course;"  "require  at  least  two  years  of  one 
language  for  admission  and  teach  that  language  two 
years  in  college:"  "use  a  phonograph:"  "the  use  of 
textbooks  in  the  language  taught,  by  the  professors 
of  engineering:"  "employ  German  engineers  to 
teach  the  language:"  "use  the  natural  method:" 
"teach  your  student  to  understand  the  people  whose 
language  they  study:"  "abolish  the  fad." 

"Without  quoting  further,  I  shall  give  a  few  infer- 
ences which  I  think  may  be  fairly  drawn  from  the  cor- 
respondence : 

First,  that  the  intrinsic  value  of  the  foreign  tech- 
nical literature  is  so  great  that  the  engineering  school 
should  train  its  students  to  make  use  of  it. 
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Second,  that  the  Germans  are  so  far  in  advance  in 
research  work  and  so  prominent  in  the  practical  appli- 
cation of  their  results  that  their  language  should  be 
given  the  first  place. 

Third,  that  it  is  better  to  teach  one  language  well 
than  it  is  to  teach  more  than  one  insufficiently. 

Fourth,  that  the  main  end  of  instruction  should  be 
facility  in  the  use  of  technical  literature. 

Fifth,  that  the  engineering  departments  should  co- 
operate more  fully  with  the  language  department  so 
that  the  work  may  be  made  more  efficient. 

It  has  seemed  to  me  that  it  might  be  profitable  to 
present  in  tabular  form  what  is  actually  being  done 
in  foreign  languages  in  our  schools  of  engineering. 
I  am  a  little  waiy  of  bringing  statistics  before  a  body 
of  men  so  dominated  by  mathematical  instincts  as  this 
Society  presumably  is.  I  therefore  bespeak  your  very 
generous  consideration.  My  statistics  were  compiled 
from  catalogues  and  an  extended  correspondence  with 
the  professors  of  modern  languages  and  were  in  each 
instance  finally  submitted  for  correction  to  a  teacher  of 
language  in  the  institution  in  question.  "While  some 
failed  to  respond,  the  majority  corrected  or  corrobo- 
rated the  figures  submitted.  The  statistics  are  not 
absolutely  correct,  but  I  ti-ust  that  they  may  be  in- 
structive and  not  less  accurate  nor  more  confusing 
than  the  catalogues  of  the  various  institutions. 

The  courses  in  46  institutions  have  been  tabulated. 
A  few  were  omitted  because  the  statistics  were  in- 
definite. Under  the  first  main  heading,  ''Units  of 
Preparation,"  are  given  the  years  of  work  in  the 
high-schools,  a  "unit"  being  defined  as  ''a  course  of 
five  periods  weekly  throughout  an  academic  vear  of 
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the  preparatory  school."  TTe  should  bear  in  mind, 
however,  that  while  this  is  the  standard  of  the  Car- 
negie Foundation,  many  institutions  devote  only  four 
periods  weekly  to  a  study,  so  that  the  preparation  is 
less  than  that  indicated. 

Let  us  examine  the  columns  in  order :  Column  one, 
headed  "Gennan":  four  institutions  only— Case.  Har- 
vard, Massachusetts  and  Pennsylvania— require  Ger- 
man ;  Princeton  permits  Latin  as  a  substitute ;  Stevens 
makes  it  optional. 

Column  two:  three  institutions— Harvard,  Massa- 
chusetts and  Stevens— require  French;  at  Princeton 
Latin  may  be  substituted. 

Column  three :  six  require  either  German  or  French ; 
Stanford  makes  them  optional;  Union  and  "Wisconsin 
permit  Latin  as  an  option. 

Column  four:  nine  require  either  German,  French 
or  Spanish. 

Column  five:  sixteen  require  ancient  or  modern 
languages;  one,  Illinois,  makes  them  optional. 

Surely  here  is  diversity  with  a  will!  Educational 
individualism  runs  riot!  A  survey  of  the  columns 
reveals  numerous  points  of  interest.  I  shall  call 
attention  to  but  one.  Engineers  regard  German  as 
the  important  language  and  yet  only  four  schools  re- 
quire it  for  admission.  If  we  want  German,  why  not 
ask  for  it?  TThy  not  encourage  the  high-schools  to 
do  some  of  our  work  for  us?  L^p  to  this  year  at 
Case,  we  have  required  but  one  unit  of  high-school 
preparation  in  German,  and  many  of  our  students 
have  come  to  us  with  only  the  one  year  of  prepara- 
tion.     We  now  require  two  units.      I  have  just  ex- 
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amined  eighty  of  the  entrance  papers  in  German,  and 
find  that  the  average  time  of  preparation  has  been 
two  and  a  half  years  in  the  high-schools.  If  German 
is  not  required  for  admission,  two  years  of  from  eight 
to  ten  semester-hours  each  should  be  devoted  to  it 
in  college. 

If  both  French  and  German  are  to  be  required, 
French  is  a  logical  option;  but  to  permit  Spanish, 
Latin  or  Greek  is  to  throw  the  whole  burden  of 
modern  language  instruction  upon  the  college.  This 
is  what  most  institutions  do,  with  the  result  that 
students  either  do  not  secure  proper  training  in 
French  and  German,  or  that  time  is  taken  from 
technical  studies. 

Let  us  pass  to  the  second  main  heading:  "Semester 
Hours  College."  We  note  again  the  same  lack  of 
uniformity.  Tulane  and  Union  seem  to  have  the  same 
courses,  though  their  entrance  requirements  are  dif- 
ferent. In  general,  no  two  of  the  forty-six  institu- 
tions have,  I  believe,  the  same  entrance  and  college 
requirements.  Eighteen  institutions  require  no 
modern  languages  of  their  students  in  the  general 
course.  Others  require  so  little  that  satisfactory 
results  must  be  impossible.  This  applies  as  well  to 
those  colleges  which  make  French  or  German  a  sub- 
ject for  admission,  but  do  not  require  its  continuance 
in  college.  We  may  further  add  to  the  list  of  those 
insufficiently  prepared,  students  of  institutions  which, 
like  Columbia,  Cornell  and  Harvard,  require  the 
languages  for  admission,  but  do  not  teach  them. 

The  data  under  the  heading:  ''Total  Semester 
Hours,  Preparatory  and  College,"  I  have  printed 
simply  for  the  sake  of  comparison.     The  assumption 
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has  been  made,  arbitrarily,  that  one  unit  of  high- 
school  work  equals  five  semester-hours.  In  view  of 
the  three-quarter-hour  periods,  the  results  will  not 
be  far  from  right. 

First  column:  note  that  only  thirteen  institutions 
require  in  college,  German  of  all  students.  The 
''maximum  German"  column  is  hardly  more  satis- 
factory. I  regard  the  minimum  satisfactory  require- 
ment in  German  as  two  high-school  years,  plus  eight 
semester-hours  in  college,  or,  if  the  work  is  all  done 
in  college,  sixteen  semester-hours.  Few  of  the  insti- 
tutions devote  so  much  time  to  the  subject.  Pass  to 
the  second  heading,  French.  French  needs  one  year 
of  study  in  high-school  and  from  two  to  four  semester- 
hours  in  college  for  science  reading;  it  receives  far 
less  in  most  cases.  No  engineering  school  requires 
Spanish ;  most  of  them  offer  it. 

The  method  of  computing  the  last  column  is  indi- 
cated in  note  "D."  It  gives  the  minimum  time  de- 
voted to  foreign  languages,  in  class,  in  high-school 
and  college. 

"While  the  table  may  not  be  of  great  value  to  the 
members  of  this  Society,  I  think  it  will  be  suggestive 
to  the  teachers  of  language  in  engineering  schools. 

Before  discussing  the  aims  and  methods  of  our 
modem  language  instruction,  x^^rmit  me  a  few  words 
regarding  our  education  in  general.  The  quality  of 
the  scholarship  and  the  ideals  of  life  of  our  students 
depend  upon  the  personality  of  all  the  teachers  and 
the  way  they  teach.  If  you  technical  men,  who  are 
the  very  large  nine-tenths,  teach  for  practical  ends  and 
neglect  the  cultural,  and  if  we  language  men,  who  are 
the  very  small  one-tenth,  teach  for  cultural  ends  and 


THE    PLACE    OF     MODERN     LANGUAGES.  145 

forget  the  practical,  we  shall  get  narrow-gauge  re- 
sults. If  the  technical  men  will  broaden  out  just  a 
little  and  the  language  men  narrow  down  a  good  deal, 
we  shall  secure  a  broad-gauge  scheme  of  education 
into  which  the  language  courses  will  fit. 

Engineering  education  has  set  itself  in  bold  opposi- 
tion to  the  traditional  contempt  for  utility  and  has 
given  the  word  a  new  value.  It  has  helped  men  to 
see  that  knowledge  attains  added  dignity  when  made 
useful  to  man,  promoting  his  comfort,  security,  oppor- 
tunity. AVe  have  come  to  realize  that  calculus  is  not 
less  a  disciplinary  subject  when  so  taught  that  a 
student  may  use  it  in  bridge  building;  that  physics, 
mechanics,  chemistry,  do  not  lose  in  intrinsic  worth 
because  in  acquiring  them  one  learns  to  use  them  in 
the  solution  of  engineering  problems,  the  solution 
of  which  advances  civilization.  As  Professor  Marston 
said  two  years  ago  before  this  Society,  ''there  is  no 
reason  why  a  study  of  engineering  history  may  not 
have  as  much  cultural  value  as  the  study  of  general 
history,  nor  why  the  study  of  railway  administration 
may  not  be  as  valuable  training  as  the  study  of  some 
text-book  on  ix)litical  economy."  Utilitarianism,  far 
from  being  the  reproach  of  engineering  education, 
is  its  distinction.  The  laboratory  method  has  tre- 
mendously stimulated  the  intellectual  activity  of  man. 
The  widening  and  deepening  of  the  world's  knowledge 
has  been  commensurate  with  the  practical  application 
of  that  knowledge. 

The  literary  college  has,  with  some  measure  of  con- 
sistency, stood  for  idealism.  But  it  is  an  arrogant 
assumption  of  the  classicist  that  his  methods  only 
lead  to  culture.      History,   philosophy,  literature,   do 

(14) 


146  THE     PLACE     OF     MODEEX     LAXGUAGES. 

broaden  the  horizon,  quicken  the  sympathies,  give 
mental  poise,  impart— sometimes— that  intangible 
something  -^hich  we  call  cultnre.  But  when  we  trace 
culture  to  its  source,  we  find  always,  a  personality,  not 
a  subject.  It  is  the  teacher,  not  the  subject,  which 
kindles  enthusiasm.  The  study  of  the  humanities 
may  leave  a  man  without  any  real  humanness.  The 
three  college  teachers  who  contributed  most  to  my 
own  idealism  taught  the  one  pure  mathematics,  the 
second  natural  science,  the  third  engineering.  Fill 
oui'  chairs  with  men  of  breadth,  of  kindling  en- 
thusiasm, men  who  love  knowledge  for  knowledge's 
sake  and  boys  for  boys'  sake,  and  we  shall  send 
forth  graduates  who  may  stand  side  by  side  with  the 
best  from  the  colleges  of  liberal  arts. 

The  modern  languages  (including  English  of 
eonrse)  physics,  history,  economics,  are  your  so-called 
liberal  studies,  but  they  will  not  produce  liberal  men. 
The  spirit  of  the  institution  determines  the  spirit  of 
the  student  and  the  alumnus.  The  professors  of 
engineeiing  can  not  shift  their  culture  burden  to  the 
shoulders  of  the  teachers  of  language.  The  modern 
languages  must  not  be  a  graft  on  the  curriculum; 
they  must  simply  contribute  toward  making  all  the 
fruit  more  perfect.  The  cultural  value  of  language 
study,  let  it  be  borne  in  mind,  does  not  come  until 
the  language  is  largely  mastered.  Up  to  that  point, 
the  study  is  disciplinary,  and  the  discipline  is  not 
essentially  different  from  that  of  other  branches.  If 
then  we  were  to  exj^ect  large  cultural  results,  the 
scope  of  the  studies  would  need  to  be  greatly  in- 
creased. This  is  impossible  owing  to  the  limits  of 
time  and  the  pressure  of  the  purely  technical  studies. 
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Let  US  then,  so  far  as  German  is  concerned,  rivet 
our  attention  upon  teclinical  literature.  This  is  the 
goal  and  one  worth  striving  for.  You  all  know  that 
in  your  various  departments  there  is  a  wealth  of 
technical  literature  in  the  German  language  which  is 
of  great  value,  and  much  of  which  is  indispensable. 
Two  facts,  often  noted,  I  may  be  permitted  to  recall 
your  attention  to:  first,  that  the  leading  men  of 
science  in  Germany  are  University  educators,  men 
who  publish  their  investigations;  second,  that  the 
close  relation  between  manufactory  and  laboratory 
results  in  a  practical  literature  is  of  great  value  to  the 
engineer  and  technician.  To  make  this  literature 
accessible  to  the  young  engineer  is  the  problem. 
^Miether  it  is  accessible  or  not  may  determine  his 
efficiency,  his  rank,  his  career.  Xo  one  may  tell 
when  he  may  need  something  from  a  foreign  source. 
Months  of  time  may  often  be  saved  by  a  legitimate 
use  of  what  others  have  accomplished  in  a  German 
laboratory.  A  professional  translator  is,  in  most 
instances,  impossible,  and  his  translation  often  needs 
translation.  "What  is  needed  is  the  ability  to  make 
first-hand  use  of  the  i^eriodic  literature.  Can  such 
ability  be  acquired  in  a  technical  school?  Without 
any  question,  given  proper  methods  and  a  course 
of  fair  length.  About  one  point  we  must  be  per- 
fectly clear,  however,  the  work  can  not  be  accom- 
plished in  the  preparatory  school.  The  style  and 
vocabulary  of  technical  literature  must  be  acquired 
through  special  instiniction,  in  courses  adapted  to 
engineering  students.  This  fact  is  being  recognized 
in  institutions  where  thought  is  given  to  the  subject. 
Dean  Cooley,  of  Michigan,  writes  me  as  follows: 
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''In  this  university  the  modern  language  work  for 
the  engineering  students  is  in  charge  of  our  own  de- 
partment, being  entirely  separate  from  the  literary 
depaitment.  We  are.  therefore,  able  to  give  the 
modem  language  the  necessary  direction  along  engi- 
neering lines  and  om-  instnictors  live  in  an  engineer- 
ing atmosphere.  We  study  the  language  for  its 
technical  use  rather  than  for  its  literature.  The 
separation  from  the  literary  department  was  the  most 
imjx)rtant  step  we  have  taken  in  this  branch  of 
instniction. 

I  am  convinced  that  this  represents  the  trend  of 
thought  and  efi'ort  in  the  engineering  schools.  At 
Tufts,  where  a  consistent  scheme  of  language  instnic- 
tion has  just  been  worked  out,  the  courses  are  largely 
distinct  from  those  in  the  college  of  arts.  The  Uni- 
versity of  Minnesota  has  just  introduced  two  years 
of  language  study  in  its  engineering  courses.  Pro- 
fessor Constant,  of  the  university,  wi-ites  me  under  a 
recent  date:  '"I  would  suggest  special  instructors 
for  the  engineering  classes.  Instnictors  in  the 
academic  classes  are  generally  interested  in  the  litera- 
ture of  the  language  and  have  little  sympathy  for, 
and  interest  in.  the  needs  of  the  engineering  students. 
These,  in  turn,  do  not  enthuse  over  what  seems  en- 
tirely apart  from  their  engineering  interests.  But 
the  right  kind  of  men  in  the  engineering  schools  can 
change  all  this.  There  is  no  reason  why  engineering 
students  should  not  have  a  vital  interest  in  the  study 
of  a  live  modem  language.  I  doubt  if  it  is  change 
of  method  so  much  as  enthusiasm  and  sympathy  with 
engineering  students  that  is  needed.** 

This  leads  me  to  speak  of  a  feature  of  the  work 
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which  I  consider  of  great  practical  importance,  the 
cooperation  of  the  technical  departments.  The  re- 
sponsibility for  the  attitude  of  inditference  or  antag- 
onism of  the  students  toward  language  study  rests 
upon  the  technical  men.  They  should  uphold  the 
dignity  of  the  language  department ;  they  should  help 
to  make  the  work  eifective.  This  is  suggested  by 
several  of  my  correspondents.  Let  me  quote  Pro- 
fessor Scott,  of  Texas  University:  "Require,  after 
the  regular  course,  a  further  year's  work  of  three 
hours  a  week  under  a  man  who  is  able  to  give  in- 
struction not  only  in  the  technical  literature,  but 
who  is,  at  the  same  time,  sufficiently  interested  in 
engineering  to  make  a  wise  selection  of  technical 
literature  to  be  studied,  giving  the  student,  at  the 
same  time,  along  with  the  knowledge  of  technical 
terms  of  the  language,  some  knowledge  of  an  engi- 
neering subject." 

AMiile  this  plan  may  not  be  feasible  in  most  insti- 
tutions, the  idea  underlying  it  is  a  good  one.  I  would 
propose,  instead,  that  in  each  technical  department, 
one  hour  a  week  during  Junior  and  Senior  years,  be 
devoted  to  a  study  of  foreign  periodic  literature.  Tii 
the  departments  of  Chemistry  and  Mining  Engineering 
at  Case,  such  classes  are  conducted,  though  in  the 
latter  the  time  is  partly  devoted  to  English  period- 
icals. Other  departments  are  considering  the  organ- 
ization of  similar  work.  The  mining  class  is  for 
juniors  and  seniors.  The  twenty  available  journals 
are  assigned  to  the  different  students  who  report  on 
the  contents  and  give  a  written  report  of  the  most 
important  items.  Each  student  is  allowed  four 
minutes.      Discussion   is  encouraged.      Such   a   semi- 
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nary  should  be  organized  and  participated  in  by  the 
head  of  the  department,  but  might  be  conducted  by 
an  instnictor  in  the  department.  It  would  seem, 
moreover,  that  language  instructors  who  devote  their 
lives  to  teaching  in  a  scientific  school  might  be  suffi- 
ciently imbued  with  the  spirit  of  the  institution  to 
participate  in  such  a  class.  The  use  of  periodic 
literature,  which  should  l)e  begun  in  the  coui'se,  would 
thus  be  continuous  throughout  the  three  or  four  years. 
After  such  instruction.  I  am  convinced  that  our  grad- 
uates would  subscribe  for  and  read  the  technical 
journals  pertaining  to  their  various  lines  of  work. 

TThat  has  been  said  hitherto  applies  chiefly  to  Ger- 
man. The  technical  literature  of  French  offers  no 
special  difficulties  to  one  who  can  read  other  French. 
Our  courses  may  be  planned  along  the  lines  of  those 
pursued  in  the  literary  college,  with  perhaps  two 
semester  hours  devoted  to  the  reading  of  science  texts 
and  periodicals.  This  should  be  supplemented  how- 
ever, by  the  study  of  periodic  literature  in  junior  and 
senior  years. 

Spanish  should  be  an  elective  in  the  senior  year. 
To  teach  it  to  our  students  as  a  whole,  or  to  make  it 
optional  with  Gemian  or  French,  is  illogical.  The 
presumption  is  that  many  of  our  students  go  to  Span- 
ish-speaking countries.  The  fact  is  that  very  few  do. 
Out  of  743  gi'aduates  of  Case  School,  only  seven  are 
in  territory  where  Spanish  is  the  native  tongue. 

As  the  language  offers  almost  no  technical  litera- 
ture of  value,  the  aim  and  method  of  instruction 
should  be  quite  diff'erent  from  that  in  German  or 
French.     The    study   should   take   a    practical   trend. 
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The  course  should  offer  abundant  exercises  in  con- 
versation, dictation  and  correspondence.  A  good 
feature  of  the  correspondence  would  be  the  inter- 
change of  letters  with  Spaniards.  Academic  dignity 
could  be  given  to  the  work  by  making  a  study  of  the 
life  and  institutions  of  Spanish-speaking  peoples.  If, 
as  I  have  suggested,  Spanish  were  taught  as  an  elec- 
tive in  the  senior  year,  the  classes  would  be  small  and 
the  so-called  ''natural  method"  could  be  used  to  ad- 
vantage. 

I  am  sure  that  it  will  be  a  disappointment  to  some 
that  I  have  said  so  little  of  the  cultural  value  of  lan- 
guage study.  In  justification,  I  may  say  that  I  am  not 
treating  that  side  of  the  question.  I  am  convinced 
that  the  modern  languages  courses  in  our  schools  are 
in  jeopardy.  Several  of  my  correspondents  write  me 
that  they  are  considering  eliminating  them  from  the 
engineering  course.  I  feel  that  the  time  has  come  for 
the  language  studies  to  prove  their  raison  d'etre. 
We  language  men,  in  adjusting  ourselves  to  our  en- 
vironment, do  not  need  to  give  up  all  our  ideals.  Any 
teacher,  who  is  himself  cultured,  will  find  opportunity 
to  daily  touch  points  which  stimulate  thought,  broaden 
the  intellectual  horizon,  kindle  the  imagination.  From 
a  course  of  reasonable  length  purely  literary  work 
need  not  be  excluded  though  the  main  emphasis  be 
laid  upon  the  language  of  science.  There  will  always 
be  time  for  rapidly  reading  a  classic  or  two.  I  read 
Faust  with  my  class  every  year. 

But  aside  from  this,  it  is  possible,  without  serious 
loss  of  time,  to  introduce  features  which  contribute 
quite  as  much  to  breadth  as  do  courses  that  are  purely 
literary.     You  will  pardon  me  if  I  describe  briefly 
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what  I  undertake  with  my  sophomore  Gei-man  class. 
It  is  my  conviction  that  a  modern  language  should 
always  be  taught  as  an  expression  of  the  life  of  a 
people  and  tiiat  the  value  of  a  language  is  directly 
proportioned  to  the  greatness  of  the  i>eople  it  repre- 
sents. Back  of  the  GeiTQan  language  is  a  great  civili- 
zation. Our  own  language  and  institutions  strike 
their  roots  deep  in  German  soil.  I  prize  the  opiX)r- 
tunity  to  help  my  students  to  an  appreciation  of  this 
German  civilization. 

We  first  study  the  history  of  the  country,  and  espe- 
cially the  history  of  the  nineteenth  century,  tracing 
the  growth  of  constitutionalism,  the  development  of  a 
national  consciousness  and  the  passing  from  national 
individualism  to  national  unity. 

We  then  discuss  the  geographical  position,  the  re- 
sources and  form  of  government  of  the  various  states ; 
the  grouping  of  states,  the  racial  differences  and  the 
local  economic  conditions. 

An  analysis  of  the  political  constitution  of  the  new 
empire  follows :  the  nature  of  the  federation  of  states, 
the  legislative  system  of  the  empire  as  represented 
in  emperor,  chancellor,  Bundesrat,  and  Eeichstag, 
political  parties,  militarism,  paternalism  and  munici- 
pal administration. 

Finally,  we  consider  the  social,  economic  and  edu- 
cational conditions  of  the  country,  including  such  sub- 
jects as  amusements,  public  utilities,  wages,  compul- 
sory insurance,  industrial,  commercial  and  technical 
education,  with  si)ecial  reference  to  the  development 
of  domestic  and  foreign  commerce. 

The  students  take  notes,  do  collateral  reading  and 
pass  examinations  on  the  main  features  of  the  course. 
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I  have  a  lantera  in  my  rooms  and  an  extensive  collec- 
lection  of  slides  and  pliotograplis  wbicli  add  to  the 
interest. 

The  aim  of  the  course  is  to  bring  the  students  into 
sjnnpathetic  touch  with  the  life  of  another  folk  and 
thus  to  counteract,  in  a  measure,  that  provincial  spirit 
so  characteristic  of  the  American  youth. 

I  have  not  outlined  this  course  with  the  idea  that  it 
will  be  adopted  by  others  but  simply  to  show  you  that 
it  is  possible  in  a  practical  course  to  incorporate  fea- 
tures which  have  cultural  value.  Each  lang-uage 
teacher  must  devise  his  own  methods. 

In  conclusion,  four  things  only  are  needed  to  put 
the  work  of  the  modern  language  departments  on  an 
equality  with  that  of  the  technical  departments: 

First,  enthusiasm  on  the  part  of  the  teacher  and  the 
conviction  that  there  is  a  work  to  be  done  worth 
doing. 

Second,  the  hearty  cooperation  of  the  technical  de- 
partments. 

Third,  the  careful  editing  of  some  good  technical 
literature. 

Fourth,  a  statement  of  principles  by  some  authori- 
tative body. 

Some  of  the  features  which  need  determination  are : 
the  amount  of  work  which  the  preparatory  schools 
may  be  expected  to  do ;  the  possible  encouragement  of 
language  study  in  the  preparatory  school  by  crediting 
it  toward  the  B.S.  degree;  the  securing  of  uniform 
units  and  of  measurably  uniform  entrance  require- 
ments; the  relative  value  to  the  engineering  student 
of  the  three  languages  taught;  the  ends  to  be  sought 
in  language  study  in  the  technical   school ;   the   time 
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limit  for  each  language;  the  correlation  of  the  work 
with  that  of  the  technical  departments. 

When  we  shall  have  attained  these  things,  we  may 
hope  that  the  modem  languages,  very  demure  hand- 
maidens of  a  very  royal  mistress.  Mistress  Science, 
may  no  longer  be  merely  tolerated,  but  raised  to  that 
full  equality  which  is  theirs  by  virtue  of  their  charms 
and  character. 

EXPLAXATIOX   OF    TABLE. 

yote  A. — ^A  "  unit "  is  a  course  of  five  periods  weekly  throughout  an 
academic  year  of  the  preparatory  school. 

Xote  B. — A  "semester-hour"  (S.H. )  is  one  recitation  a  week  of 
college  work  for  a  half-year. 

Note  C. — In  computing  the  "  totals,"  one  unit  of  preparation  is 
arbitrarily  counted   as  equal   to   five   semester-hours. 

Xote  D. — This  column  gives  the  minimum  number  of  full  recitation 
hours  devoted  to  languages  in  preparatory  school  and  college.  The 
45-minute  periods  of  the  preparatory  school  are  changed  to  hours,  one 
unit  being  counted  as  135  instead  of  ISO  hours.  The  year  is  reckoned 
as  36  weeks  in  preparatory  school  and  college. 

yote  E. — Parenthesis  indicate  an  elective. 

*  Special  courses  in  German  for  chemists. 
"  Or  Spanish. 

'  One  or  more  additional  units  may  be  offered  in  language. 

*  French  required  unless  offered  for  admission. 

^  Four  units  of  Latin  may  be  substituted  for  the  requirement  in 
either  German  or  French. 

*  Or  two  units  and  two  of  Latin. 
^  Or  four  units  of  Latin. 

"  Modem  languages  required  from  students  who  have  had  opportunity 
to  acquire  them. 

'  Or  two  units  of  German  and  four  of  French. 

^  For  students  entering  without  a  modern  language. 

^  Only  six  S.H.  required  of  well-prepared  students. 

'  Six  S.H.  of  physics  may  be  substituted  for  either  French  or  German. 

™Two  imits  of  German  or  French  must  be  offered. 

°  Electricals  have  486  hours;  mechanicals  558. 

°  Civils  have  fourteen. 

p  The  two  units  must  be  in  one  lansruase. 
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Discussion. 

Professor  Karapetoff  :  It  seem  to  me  that  in  order 
to  insure  success  in  teaching  foreign  languages  in 
this  country  their  knowledge  must  in  some  way  be 
made  a  necessity.  It  happened  this  year  that  I  con- 
ducted a  special  course  in  electrical  design  for  ad- 
vanced students.  I  told  them  that  there  was  no  book 
in  English  on  a  certain  topic,  or  any  good  articles 
that  I  knew  of,  but  that  there  was  a  splendid  book  in 
German.  All  of  the  men  said  that  they  had  had 
some  German  in  high  school,  but  had  never  at- 
tempted to  read  a  German  book.  I  encouraged  them 
to  buy  this  book;  they  did  so,  and  at  the  end  of  two 
months  all  of  them  could  find  in  it  what  they  wanted 
in  calculation  or  construction.  That  was  all  that 
they  needed.  The  book  is  provided  with  a  great 
many  illustrations,  so  that  what  they  could  not  un- 
derstand in  the  text  they  could  find  out  from  the 
illustrations.  This  brought  to  me  the  suggestion 
that  instead  of  teaching  German  or  French  to  engi- 
neering students  as  a  special  course,  why  not  com- 
bine it  in  a  natural  way  with  one  of  the  regular 
courses,  for  instance  the  course  in  physics  or  de- 
scriptive geometry,  as  was  suggested  in  another  paper. 
Instead  of  adopting  an  English  text-book  on  physics 
take  a  French  or  German  book  and  recite  in  English. 
Do  not  mention  French  or  German  in  the  classes. 
The  students  will  then  have  to  study  them  and  will 
see    the    necessitv    for    them    and    their    usefulness. 
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There  ^r'"'  "'■  -  -^svn^  d:^ :-;/.':•?=  in  this  plan  that  will 
have  tc  i^^-rd  :::.     I  ;  liig  this  matter  np  as  a 

i:--   -:.  z    r  }r;ially    suitable,    I    think,    for    small 


SECOND    DEGREES    FOR    GRADUATES    OF 
ENGINEERING  COURSES. 

BY    W.    F.    M.    GOSS, 
Dean  of  the  College  of  Engineering,  Unirersity  of  Illinois. 

As  a  background  for  the  presentation  I  wish  to 
make,  I  would  call  attention  to  the  manner  in  which 
present  practice  relating  to  the  baccalaureate  degree 
for  engineering  students  has  grown  up. 

Twenty-five  years  ago  a  number  of  the  older  insti- 
tutions in  this  country  gave,  at  the  end  of  a  four-year 
course,  the  professional  degree,  mechanical  engineer, 
civil  engineer,  etc.,  and  a  number  of  these  institutions 
continue  that  practice  to-day.  In  the  development 
of  many  of  the  state  colleges  of  engineering,  it  was 
thought  best  to  avoid  giving  at  once  upon  graduation 
this  full  professional  degree,  and  some  in  their  desire 
to  compromise  gave  for  a  time  the  degree  of  bachelor 
of  mechanical  engineering,  bachelor  of  civil  engineer- 
ing, etc.,  which  was  regarded  as  a  preliminary  degree 
to  be  followed  in  due  time,  and  without  very  much 
additional  work,  by  the  full  professional  degree. 
After  a  time  this  process  gave  way  to  the  practice 
of  making  the  baccalaureate  degree,  bachelor  of 
science  for  all  graduates  of  engineering  courses :  but 
in  many  state  institutions  the  idea  that  this  degi*ee 
for  engineers,  like  the  degree  of  bachelor  of  engi- 
neering which  it  has  supplanted,  was  more  or  less  a 
preliminary  degree  has  continued.  It  has  commonly 
been  assumed  that  as  soon  as  the  holder  of  the  bac- 
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ealaureate  de^ee  had  gained  professional  experience, 
the  professional  degree  such  as  mechanical  engineer, 
civil  engineer,  etc.,  shonld  be  conferred.  This  view- 
has  found  expression  in  the  catalogue  statements  of 
a  considerable  number  of  institutions,  which,  in 
general,  provide  that  after  three  years  of  successful 
practical  experience,  the  completion  of  a  satisfactory 
thesis,  and  the  passing  of  an  examination  at  the  uni- 
versity, the  professional  degree  of  mechanical  engi- 
neer, civil  engineer,  etc..  would  be  given  following 
the  degree  of  bachelor  of  science  in  mechanical  engi- 
neering, civil  engineering,  etc.  This  practice  is  so 
common  among  the  institutions  we  represent  that  I 
am  sure  that  it  is  well  understood  by  all.  The  point 
I  wish  to  emphasize  is  that  we  have  come  to  regard 
the  degree,  bachelor  of  science,  when  conferred  as  the 
baccalaureate  degree  upon  engineering  students,  as  a 
preliminary  degree,  and  we  make  it  comparatively 
easy  for  some  gi'aduates  to  secure  the  advanced  pro- 
fessional degi*ee. 

Xow  going  to  the  other  side  of  the  problem,  the  col- 
leges of  liberal  arts  have,  in  the  main,  declined  to 
give  the  degree  of  master  of  science  for  non-resident 
work,  that  degree  "being  given  only  at  the  end  of  one 
year  of  resident  work.  This  fact  has  led  to  some 
confusion  in  institntions  where  advanced  degrees  are 
given  for  work  both  in  engineering  and  in  liberal  arts. 
My  first  ix)int  is  therefore  that  it  will  be  well  to  rec- 
ognize and  admit  the  fact  that  under  the  conditions 
described,  the  professional  degree  of  mechanical  engi- 
neer, civil  engineer,  etc.,  is  not  the  e^iuivalent  of  the 
degree  of  master  of  science  given  in  course.    I  do 
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not  mean  that  it  means  less  or  more  than  the  degree 
of  master  of  science,  but  it  is  based  upon  a  different 
series  of  facts. 

Building  upon  this  conception,  the  institution  with 
which  I  am  connected  has  decided  to  make  a  plain 
statement  containing  the  facts  to  which  I  have  re- 
ferred, and  to  grant  both  professional  degrees  and 
master's  degrees  to  graduates  of  the  college  of  engi- 
neering; the  professional  degree  to  be  given  graduates 
of  the  college  of  engineering  after  three  years  of 
satisfactory  professional  work,  and  upon  the  prepara- 
tion of  a  satisfactory  thesis,  covering  the  professional 
experience.  It  also  grants  to  those  who  hold  the 
bachelor's  degree  in  engineering,  the  degree  of  master 
of  science  in  mechanical  engineering,  civil  engineering, 
etc.,  after  one  year  of  satisfactory  resident  work. 
This  practice  frankly  acknowledges  the  difference  be- 
tween the  two  classes  of  degrees ;  the  academic  degrees 
stand  on  one  side  for  resident  work,  and  the  profes- 
sional degrees  stand  on  the  other  side  for  professional 
experience  and  attainment. 

I  shall  be  very  glad  if  later  there  can  be  some  dis- 
cussion as  to  the  view  of  the  members  of  the  society 
concerning  such  a  practice. 

Note.— After  the  reading  of  the  paper,  the  subject 
was  referred  to  a  Standing  Committee  for  study  with 
the  request  for  a  report  at  the  next  annual  meeting  of 
the  Society. 
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SCHOLASTICISM  IN  ENGINEERING  EDUCATION. 

BY    JOHN    PRICE    JACKSON, 
Dean  of  School  of  Engineering.  The  Pennsylvania  Stat€  College. 

Scholasticism,  as  the  author  interprets,  when  ai> 
plied  to  a  system  of  education,  means  a  character 
training  which  is  pedantic,  based  upon  and  developed 
along  lines  purely  conventional,  and  lacking  adapta- 
tion to  the  conditions  of  civilization,  that  may  at  the 
time  prevail.  Schooling  of  this  kind  cultivates  the 
mind  without  reference  to  utility.  Such  systems  were 
especially  admired  and  prompted  by  a  school  of  early 
German  philosophers,  among  whom  was  numbered 
the  famous  Kant.  Some  centuries  ago,  early  in  the 
formative  period  of  our  modern  system  of  civilization, 
when  the  religious  orders  were  educated,  intelligent 
and  controlling  factors  in  the  government  and  leader- 
ship of  the  world,  it  became  necessary  that  oppor- 
tunities should  be  given  the  novitiates  to  fit  them- 
selves for  their  various  responsibilities  and  avoca- 
tions. As  the  most  important  function  these  men 
had  to  perform,  of  a  jDublic  nature,  was  leading  de- 
votional exercises— mostly  in  Latin,  which  added  to 
the  mystification,  awe  and  humbling  of  the  masses 
of  the  common  people— it  was  eminently  practical 
that  the  education,  made  available  to  those  aspiring 
to  become  religious  leaders,  should  include  Latin  as  a 
major,  with  church  architecture  and  art,  history  and 
mathematics  as  minors— to  use  the  technical  phrases 
of  more  modern  education.      Therefore,  even  at  that 
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time,  education  supplied  a  practical  and  necessary 
preparation  for  life.  A  few  centuries  rolled  by  and 
this  education,  on  account  of  the  changing  conditions 
of  civilization,  due  to  the  development  of  higher 
thought  among  the  whole  people,  became  unfitted  to 
its  purposes;  as  much  so,  indeed,  as  have  the  spear, 
sword  and  bow  of  the  same  time  become  incapable 
of  adaptation  to  the  uses  of  war,  because  of  the 
growth  of  more  modern  weapons. 

Again,  at  a  later  date,  including  much  of  the  last 
century,  the  classics,  in  connection  with  some  other 
languages,  mathematics,  natural  science,  etc.,  were 
adopted  into  the  college  curricula  in  a  way  supposed 
to  prepare  leaders  of  another  tyjDe,  namely,  the 
lawyers  and  writers.  Thus  again,  higher  education 
took— in  the  minds  of  many— a  practical  cast,  or  one 
which  would  directly  fit  men  to  take  their  places 
properly  and  usefully  in  life;  but  as  the  decades 
passed  by,  and  industrialism  grew,  such  education, 
however  well  fitted  it  might  have  been  for  certain 
narrow  professional  classes,  became,  in  many  cases, 
worse  than  useless  for  the  great  masses  of  those  who 
were  to  become  leaders  of  the  more  modern,  compli- 
cated, industrial  organizations  of  the  latter  part  of 
the  last  century.  Thus,  the  systems  of  education— 
persisting  with  a  vitality  surprising— became  filled 
with  scholasticism,  or  useless  elements,  which  were 
pursued  by  those  seeking  culture  and  polish  rather 
than  preparation  for  useful  careers. 

In  the  latter  third  of  the  last  century,  under  the 
inspiration  of  the  Land  Grant  Act  of  1862,  which  was 
the  first  strong  act  of  our  national  government  making 
for  an  education  which  would  properly  fit  industrial 
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classes  engaged  in  agriculture  and  mechanic  arts,  not 
excluding  other  professions,  and  thi'ough  the  wise 
foresight  of  a  few  educational  dreamers,  sprang  up 
a  system  of  technical  and  engineering  education, 
which  met  the  conditions  of  civilization  at  the  time; 
and  was.  in  this  country,  so  well  adapted  to  its  pur- 
pose, and  so  satisfactory,  that  it  was  a  potent  in- 
fluence in  causing  our  nation  to  take  a  leading  place, 
among  the  nations  of  the  world,  in  commerce  and 
manufacture.  At  this  time,  however,  questions  are 
beginning  to  arise:  Does  our  modem  engineering  and 
technical  educational  system  show  symptoms  also 
of  growing  scholasticism,  as  did  its  predecessors! 
Is  it  being  modified  and  corrected  as  rapidly  as 
is  necessary,  considering  the  kaleidoscopic  changes 
which  are  going  on  in  the  conditions  to  be  met  by 
the  young  graduate  who  is  to  enter  life?  Are  there 
not  courses  of  study,  developed  in  great  usefulness 
between  1860  and  1890.  which  are  l^ecoming  more  or 
less  antiquated?  Should  we  continue,  in  detail,  the 
educational  policy  of  rec-ent  years,  or  should  we 
adopt  some  of  the  numerous  suggestions  for  im- 
provement ? 

Before  answering  these  questions,  it  is  well,  for  a 
moment,  to  look  aside  at  our  lower  grades  of  educa- 
tion, which  have  during  the  past  year  or  two  re- 
ceived such  careful  consideration  from  educators,  and 
ask  the  same  questions  regarding  them.  Do  the 
boys,  who  on  account  of  environment,  or  natural 
ability,  are  only  able  to  pass  through  the  preliminary 
grades  of  our  public  schools,  have  a  preparation 
which  is  ]>est  fitted  to  make  them  useful?  Or  should 
thev,  LQ  addition  to  the  three  E's.  be  given  a  satis- 


SCHOLASTICISM     IN     ENGINEERING    EDUCATION.        165 

factory  training  in  some  trade,  or  life  work, 
however  humble,  which  would  enable  them  to  per- 
foiTu  their  foreordained  labors  with  less  of  the  biblical 
"sweat  of  the  brow,"  and  more  happiness  to  them- 
selves, and  those  dependent  upon  them?  Likewise, 
are  our  boys,  who  for  the  same  reasons  leave  their 
educational  careers  at  the  end  of  the  grammar  school, 
able  to  enter  the  counting  house,  commercial  estab- 
lishment, transportation  organization,  and  take  i>etty 
foremanships  in  the  factory,  or  the  positions  of  skilled 
labor,  in  a  way  to  best  subserve  the  interests  of 
humanity?  In  like  manner,  are  the  high  school 
graduates  properly  trained  for  their  proper  grade  of 
work? 

The  consensus  of  opinion  among  educators  today  is, 
I  believe,  that  our  public  school  system  has  become 
more  or  less  scholastic;  not  so  much  because  of  what 
is  done  as  because  of  what  is  not  done.  Thus:  the 
small  boy  who  is  able  to  go  to  school  from  six  to  eight 
years,  should  sometime,  somewhere,  be  able  to  get 
something  more  directly  in  the  nature  of  a  useful  im- 
plement for  winning  bread,  than  merely  the  three 
R's,  as  indeed  should  every  boy  of  every  grade. 
Trade  schools,  manual  training  schools,  and  similar 
institutions  are  springing  up  in  quite  large  numbers 
to  perform,  in  connection  with  our  public  school 
system,  this  beneficent  and  necessary  supplementary 
service.  Such  additions  to  the  common  school  edu- 
cation—with closer  or  more  intimate  relations  between 
the  industrialists  and  the  teachers— may  be  a  solu- 
tion of  our  present  needs  in  the  way  of  educational 
modifications. 

To  return  now  to  the  question  of  the  education  of 
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the  eiigineer  and  as  to  whether  it  is  becoming  im- 
l^ractical  and  unsuited  to  modern  conditions;  a  prob- 
lem is  found  similar  to  that  of  the  lower  schools,  and 
also  one  difl&cult  of  solution. 

Consider  a  few  instances  where  doubt  as  to  policy 
may  exist;  for  example  there  is  a  subject  which  has 
been  dealt  with  largely  in  these  meetings  without  any 
resultant  uniform  agreement— namely,  the  amount 
and  character  of  liberal  studies  to  be  given  in  an 
engineering  course.  ^Tien  questioning  the  propriety 
of  large  expenditure  of  time  upon  such  studies,  which 
might  be  used  in  inculcating  principles  of  natural 
science  directly  applicable  to  the  industries,  the  char- 
acter of  the  teaching  and  its  effect  upon  the  student 
should  be  carefully  considered. 

If  a  course  of  about  two  years,  of  about  four  periods 
a  week,  is  given  to  such  liberalizing  studies,  using  the 
older  treatments  of  history,  political  and  social  science, 
etc.,  there  is  reason  to  believe  that  the  time  is  not 
devoted  in  the  most  advantageous  manner;  but  if  such 
time  be  used  to  help  a  young  man  to  understand  also 
present  industrial  conditions,  and  to  aid  him  in  hand- 
ling men  who  are  either  in  the  ranks  of  labor  or 
capital,  then  I  should  say  that  the  time  is  none  too 
long. 

Consider  history,  which  is  now  and  then  taught  in 
engineering  courses,  as  a  liberalizing  study.  Courses 
in  this  subject,  in  almost  every  case,  dwell  in  detail 
on  the  political  and  religious  conditions  of  the  world 
in  its  various  stages,  as  well  as  upon  some  of  the  more 
noteworthy  social  and  racial  movements  and  influ- 
ences; but  for  some  inexplicable  reason  the  great 
scientific   and  industrial   developments   of   the   world 
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have  been  largely  neglected  by  the  historian.  (To  be 
fair,  however,  it  is  necessary  to  say  that  there  is  a 
new  school  of  historians  coming  into  prominence, 
which  is  endeavoring  to  rectify  this  weakness.)  We 
are  told,  in  detail,  in  the  texts  of  Napoleon  and  his 
conquest  of  the  world,  ended  at  the  hands  of  the  stub- 
born Britain;  we  may  possibly,  learn  from  the  same 
source,  the  menu  of  George  II.  's  breakfast ;  or  find  the 
character  of  the  clothing  worn  by  the  stitf-necked 
Queen  Elizabeth;  but  it  is  little  indeed  that  we  get 
from  the  historian  concerning  such  giants  in  the 
world's  history  as  Gilbert,  Newton  and  Faraday.  Is 
it  not  time  that  the  present  conditions  of  civilization 
were  more  affected  by  the  achievements  of  such  men 
than  by  the  conquests  of  Alexander,  or  even  by  the 
magnificient  genius  of  Caesar?  What  of  the  modern 
steam  engine— developed  to  usefulness,  amid  scoffing 
and  ridicule,  by  James  Watt— as  a  maker  of  history? 
History  has  shown  that,  along  with  the  growth  and 
accumulation  of  scientific  knowledge,  there  is  a  natural 
growth  of  industries  and  social  organisms  to  fit  and 
utilize  the  knowledge  of  nature  as  it  becomes  available. 
It  is  not  well  to  belittle  the  desirability  of  studying 
political,  religious,  sociological,  and  literary  history; 
even,  possibly,  to  learning  the  exact  genealogical  tree 
of  Louis  XIV.  to  one  of  his  great-great-great-grand- 
aunts,  that  is,  if  some  potent  historical  cause  or  effect 
is  made  apparent  thereby.  Why  not,  however,  give 
our  young  engineers  in  college— when  they  have 
reached  a  mental  and  physical  development  which  will 
enable  them  to  fully  comprehend  proper  presentation 
of  history-- a  course  presenting  all  important  facts 
correlatively,  which  have  gone  to  the  making  of  the 
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conditions  to  be  met  by  these  young  men  when  they 
leave  their  college  quarters. 

Having  completed  such  a  survey  of  the  world  of 
man's  making,  possibly  taking  a  year,  would  it  not  be 
well  to  give  a  second  year  to  the  study  of  political 
economy,  government,  citizenship,  etc.?  Here  again 
the  old  stereotyiDcd  texts  suitable  to  the  conditions  of 
twenty-five  years  ago— books  on  constitutional  law, 
or  government,  and  political  economy  of  that  period- 
do  not  meet  the  conditions  of  today  in  many  vital 
particulars.  New  and  more  suitable  treatments, 
which  have  broken  away  from  traditions  are  needed. 

Useful  lines  of  thought,  which  could  well  be  pre- 
sented to  senior  students  in  engineering,  are  sug- 
gested by  the  list  of  some  of  the  course  titles  ad- 
vanced by  the  Department  of  History  and  Political 
Science  of  The  Pennsylvania  State  College,  to  fill  the 
need  of  the  modem  industrial  student;  thus:  ''Labor 
problems,  principles  of  economics,  constitutional  gov- 
ernment in  the  United  States  and  world,  commercial 
and  economic  geography,  political  parties,  municipal 
government,  international  law,  business  corporations, 
world  politics,  railroad  economics,  colonial  depen- 
dencies, agricultm*al  economics. ' '  Some  of  these  sub- 
jects would  not  necessarily  be  in  the  proix)sed  major 
course  of  one  year:  but  the  list  shows  a  practical 
grasp  of  some  of  the  problems  which  are  facing  the 
men  whose  duty  it  is  to  supply  leaders  capable  of 
economically  wresting  raw  materials  from  the  earth, 
converting  them  by  manufacture  to  the  comfort  and 
use  of  man,  transporting  them,  and  finally  ditributing 
them  among  the  people  of  the  world  by  a  facile 
svstem  of  barter. 
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I  am  personally  strengthened  in  my  belief  regard- 
ing the  importance  of  these  subjects  as  a  material 
part  of  undergraduate  engineering  courses  by  the 
attitude  of  President  Edwin  Erie  Sparks,  of  the  in- 
stitution named  before,  who  is  a  recognized  authority 
on  industrial  history,  and  who,  in  the  main,  I  am  led 
to  believe,  supports  these  arg-uments. 

Is  it  not  possible  that  Professor  Perry's  contention, 
that  we  are  not  sufficiently  well  applying  our  mathe- 
matical principles  in  the  teaching,  worthy  of  some 
consideration?  Indeed,  is  it  not  possible  that  less 
ground  should  be  covered  with  more  thoroughness, 
and  that  practical  seminars  of  applied  exercise  should 
be  carried  on  parallel  with  the  recitations  and  lectures  ? 
Likewise,  is  there  not  even  yet  the  tendency  in  shop 
work  and  drafting  toward  the  making  of  conventional 
joints  and  similar  pieces,  and  the  drawing  of  geo- 
metric figures,  etc.,  where  the  elementary  teaching  of 
shop  and  drafting  principles  could  be  better  accom- 
plished, and  at  the  same  time  practical  and  profes- 
sional spirit  be  developed,  by  making  parts  in  the 
shops  which  can  be  joined  together  into  a  whole;  and 
in  the  drafting  room,  by  actually  drawing  from 
sketches,  taken  by  the  student  himself,  of  completed 
mechanisms?  Shop  system,  finance,  and  management 
should  possibly  be  made  more  prominent  and  its 
importance  should  be  more  thoroughly  understood 
by  the  student  as  he  passes  through  the  courses  of  the 
various  shop  departments.  Is  it  not  also  a  fact  that 
in  many  institutions  the  preliminary  physics  and 
chemistry  are  not  taught  in  the  best  and  most  intimate 
relation  with  subjects  to  follow,  which  are  more 
directly  termed  engineering?     Indeed,  if  the  engineer- 
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ing  colleges  are  not  to  become  scholastic,  should  they 
not  treat  chemistry,  physics  and  mathematics  as  engi- 
neering subjects,  or  on  the  same  basis  as  dynamo  ma- 
chinery, steam  engines,  thermodynamics,  structures, 
etc.?  Will  not  the  cultural  phase  be  as  great  as  if  a 
different  conception  prevailed? 

To  come  to  the  work  of  strictly  engineering  depart- 
ments, is  it  not  frequently  the  case,  in  spite  of  the 
exhortations  which  have  been  heard  at  this  meeting, 
that  there  is  a  lack  in  the  teaching  of  engineering 
humanities?  I  have  spoken  to  you  of  what  seems  to 
be  a  desirable  arrangement  of  history,  political  and 
sociological  science,  etc.,  but  these  scheduled  human- 
ities will  in  no  manner  relieve  engineering  instructors 
from  one  of  their  important  duties,  namely,  the 
development  of  true,  honest,  professional  spirit,  in 
the  students ;  teaching  them  to  deal  firmly,  and  at  the 
same  time  humanely  with  those  under  them,  to  show 
obedience  and  respect  to  those  higher  in  command, 
and  to  develop  the  characteristics  of  initiative,  re- 
liability, and  accuracy. 

Is  it  not  possible  to  delete  scholasticism  by  bringing 
both  students  and  instructors  into  closer  relations  with 
the  industrialists?  May  not  one  of  the  wise  methods 
of  doing  this  be  to  get  a  percentage  of  instructors 
directly,  on  leave  of  absence,  from  the  industries? 
The  author,  last  fall,  suggested  to  the  American  So- 
ciety of  Mechanical  Engineers  that  the  industries  and 
colleges  exchange  their  younger  staff  members  for 
limited  periods.  If  this  is  done  it  will  be  of  advantage 
on  both   sides. 

Another  method  now  being  adopted  by  The  Penn- 
sylvania State  College— in  force  in  two  instances— is 
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to  employ  industrial  experts  as  ^'consulting  profes- 
sors/' a  new  term  of  the  writer's  coining.  Such  men 
should  visit  the  college  with  which  they  are  connected 
possibly  four  times  a  year  of  a  week  each  to  deliver 
lectures,  and  also  to  advise  concerning  the  curricula, 
methods,  etc.  These  men  should  not  be  mere  lectur- 
ers, but  should  be  so  identified  with  the  college  work 
that  they  can  feel  as  deep  a  sense  of  responsibility 
for  its  success,  as  do  the  resident  professors.  Engi- 
neering experts  may  be  expected  to  do  this  without 
great  recompense. 

The  students  may  be  given  desirable  training  by 
industrial  managers  permitting  them  an  opportunity 
to  do  summer  work,  to  spend  an  extra  year  in  the 
shop  before  graduation,  to  take  student  graduate  shop 
courses— similar  to  many  of  the  excellent  ones  now 
arranged— after  graduation,  or  sometimes  to  take, 
simultaneously,  college  and  industrial  work,  length- 
ening the  course  proportionately  to  the  time  spent 
away  from  college.  (Professors  Dugald  C.  Jackson 
and  Herman  Schneider  at  the  Massachusetts  Insti- 
tute of  Technology  and  the  University  of  Cincinnati 
are,  I  understand,  trying  the  last  method.) 

Suitable  cooperation  between  the  college  depart- 
ment and  the  industry,  of  the  nature  suggested  above, 
is  undoubtedly  necessan'  for  the  best  work.  Does 
the  industrialist  lack  confidence  in  the  new  college 
man?  If  so,  it  is  because  he  has  neglected  his  duty 
in  not  taking  a  hand  in  shaping  the  policy  of  the  col- 
lege. The  technical  colleges  are  ever  ready  to  place 
themselves  under  the  guidance  of  successful  practic- 
ing engineers  when  such  men  are  willing  to  really 
give  thought  and  time  to  educational  subjects. 
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In  this  brief  paper,  are  outlined  a  fe^  sides  of 
engineering  education,  which  seem  most  nearly  to  fall 
under  the  head,  in  their  present  form  and  mode,  of 
scholasticism.  Already  there  is  stirring  a  movement 
throughout  our  Society  toward  not  permitting  these 
conditions  to  continue  longer,  and  already  many 
strong  minds  are  endeavoring  to  tune  up  our  engi- 
neering educational  systems  to  the  functions  they 
must  perform. 

Germany  is  by  many  recognized  as  a  leader  in 
solving  the  gi'eat  problems  of  buying  and  selling,  of 
economical  manufacture,  of  ingenious  catering  to  the 
wants  of  the  world,  and  to  the  efficient  industrial  or- 
ganization of  her  people.  If  this  be  the  case,  it  must 
be  that  Germany  is  looking  with  intelligent  eye  upon 
the  training  her  young  are  receiving,  and  has  rooted 
out  such  scholasticism  as  has  persevered,  and  is 
teaching  the  masses  to  ser^^e  well  the  industries  of 
production,  manufacturing  and  distribution. 

It  would  be  a  thankless  task  to  decry  the  old  and 
advocate  the  substitution  of  the  new  as  a  policy,  for 
the  feeling  of  Goldsmith,  who.  "loves  everything  that's 
old,  old  friends,  old  times,  old  manners,  old  books,  old 
wine,"  ai^peals  to  the  human  heart;  but  I  am  firmly 
convinced  that  history  shows  a  tendency  in  educa- 
tional systems  to  depart  from  the  position  of  great- 
est usefulness  to  the  people:  and  that,  to  prevent 
such  a  result— which  is  disastrous  to  human  happi- 
ness and  welfare— it  behooves  us  to  so  contuiually 
modify  the  old,  and  add  the  new,  as  our  knowledge  of 
nature  and  life  becomes  more  profound,  that  our 
young  men  who  are  soon  to  do  the  work  of  the  world 
and  to  iTile  the  world,  mav  leave  the  hands  of  their 
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trainers— the  pedagogues— fit  and  trim  to  bear 
their  part  in  the  great  innings  stretching  before 
them.  Xor  do  any  of  the  suggestions  of  this  paper 
tend  toward  less  cultivation,  refinement  of  manner  or 
thought,  or  appreciation  of  art— all  of  which  are  of 
such  importance  in  the  sum  total  of  human  happiness. 

Discussion, 
Professor  Hibbard:  I  have  brought  with  me  some 
suggestions  which  I  put  into  the  hands  of  the  stu- 
dents, to  give  them  ideas  as  to  how  they  may  profit 
most  by  their  summer's  work,  and  I  speak  of  them  in 
connection  with  this  paper— "Scholasticisms  in  Engi- 
neering Education. ' '  I  believe  that  one  of  the  strong- 
est influences  for  the  prevention  of  engineering  pro- 
fessors indulging  in  scholasticisms  is  a  body  of  stu- 
dents that  will  not  accept  scholasticisms,  and  if  you 
have  a  body  of  students  that  has  had  from  one  sum- 
mer to  several  years  of  sharp,  practical  experience, 
that  body  of  students  will  not  accept  of  scholastic- 
isms. It  does  not  take  a  very  large  percentage  of 
students  in  a  class  to  leaven  the  whole  lump  so  that 
no  professor  will  dare  bring  scholasticisms  before 
them. 


TECHNICAL    INSTRUCTION    IN    HYDRAULIC 
ENGINEERING. 

BY    DANIEL    W.    MEAD, 

Professor  of  Hydraulic  and  Sanitary  Engineering, 
University  of  Wisconsin. 

For  twenty-four  years  the  writer  has  been  actively 
engaged  in  the  practice  of  his  profession  as  a  civil 
engineer,  during  which  time  he  has  devoted  much  of 
his  attention  to  applied  hydraulics.  For  the  last 
four  years  he  has  occupied  the  chair  of  hydraulic  and 
sanitary  engineering  at  the  University  of  Wisconsin, 
continuing  however  his  professional  practice  during 
that  time. 

Prior  to  1904  the  writer  had  given  no  particular 
attention  to  technical  education,  although  he  had  been 
greatly  interested  in  the  development  of  the  profes- 
sional subjects  in  which  he  had  been  directly  en- 
gaged. He  therefore  accepted  the  position  at  Wis- 
consin with  considerable  doubt  as  to  the  adequacy  of 
his  training  to  properly  fill  it,  but  with  a  strong  de- 
sire to  work  out,  as  far  as  possible,  his  ideals  in  the 
educational  field  of  his  own  specialty. 

It  was  understood  that  the  writer  should  develop 
the  department  of  hydraulic  engineering  on  the  lines 
of  his  personal  ideas,  which  were  fairly  well  under- 
stood by  Dean  Turneaure  of  the  Engineering  Depart- 
ment, and  that  such  development  should  be  carried 
to  the  extent  that  the  importance  of  the  depart- 
ment,  or  the   demand   for   such   development   at  the 
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University  of  Wisconsin,  would  warrant.  It  was 
also  agreed  that  opportunities  would  be  afforded  for 
research  work  along  hydraulic  lines,  the  importance 
and  necessity  of  which  the  writer  appreciated  from 
his  own  studies,  experience  and  investigations. 

Four  years  have  elapsed  since  the  writer  began  his 
work  at  the  university.  Many  of  his  early  ideas  have 
changed  somewhat  and  have  been  modified  by  his 
experience  in  the  educational  field.  He  began  this 
work  with  a  fairly  clear  appreciation  of  the  difficul- 
ties that  confronted  him.  He  recognized  the  pos- 
sible errors  to  which  an  instnictor  would  be  liable, 
who  came  from  a  field  of  practice  into  educational 
lines  without  previous  experience.  Such  an  instruc- 
tor was  likely  to  overestimate  the  real  educational 
value  of  certain  lines  which  might  seem,  from  his 
practical  experience,  of  importance  and  to  underesti- 
mate the  educational  value  of  much  that  was  taught 
in  technical  institutions  which  might  seem  to  him  of 
little  practical  value  or  importance  to  the  professional 
engineer.  He  fully  realized  the  fact,  however,  that 
the  best  technical  education  did  not,  or  should  not, 
consist  in  a  knowledge  of  disconnected  practical  de- 
tails which  might  be  absorbed  by  the  student  without 
knowledge  of  the  scientific  basis  on  which  they  must 
directly  or  indirectly  depend.  He  was  also  strongly 
of  the  opinion  that  a  theoretical  education  having  no 
direct  bearing  on  the  practical  problems  of  the  engi- 
neer, while  of  value  in  an  educational  way.  would 
better  be  replaced  by  the  technical  studies  which  had 
a  direct  relation  to  the  actual  problems  of  the  engi- 
neer and  which,  in  his  judgment,  could  be  made  of 
equal  importance  from  the  purely  educational  view. 
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Both  the  instructional  method  of  presenting  most  of 
the  subjects  taught  at  the  university  and  the  subjects 
themselves  have  been  changed  considerably  from  the 
curriculum    ordinarily    offered    by    technical    schools. 

Eecognizing,  as  he  does,  the  possibilities  of  serious 
errors  resulting  from  a  false  point  of  view,  and  the 
value  of  establishing  correct  principles  as  a  founda- 
tion for  the  technical  education  of  the  young  engi- 
neer, the  writer  desires  to  call  the  attention  of  those 
engaged  in  instructional  work  to  the  changes  made 
and  the  methods  pursued  in  this  department  of  the 
University  of  Wisconsin  and  to  ask  a  fair  and  impar- 
tial discussion  of  the  ideas  introduced  and  the  meth- 
ods followed.  That  they  are  far  from  perfect,  the 
writer  is  fully  aware.  As  they  now  stand,  they  are 
the  result  of  four  years  of  careful  consideration  from 
the  standpoint  of  the  teacher  and  of  twenty-four 
years'  practical  experience  in  active  professional 
work. 

Xo  independent  department  of  hydraulic  engineer- 
ing existed  at  the  University  of  Wisconsin  prior  to 
the  writer's  appointment  to  that  chair.  The  subjects 
taught  were  divided  among  various  departments. 
Theoretical  hydraulics  was  taught  by  the  department 
of  mechanics  as  a  part  of  the  course  in  theoretical 
mechanics;  water  supply,  sewerage  and  sewerage  dis- 
posal were  taught  by  a  member  of  the  faculty  who 
also  taught  structural  engineering.  Hydraulic  ma- 
chinery as  taught  included  only  a  theoretical  discus- 
sion of  the  hydraulic  turbine  and  the  laws  of  flow 
through  its  guide  passages  and  buckets;  hydraulic 
laboratory  work  was  taught  in  connection  with  work 
in  the   steam  laboratory.     These   subjects   were   dif- 
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ferentiated  and  l^rought  into  the  department  of  hy- 
draulic and  sanitary  engineering. 

The  writer's  eonce])tion  of  university  work  is  that 
it  should  embrace,  as  far  as  possi))le,  two  objects: 

First  — The  instruction  of  the  students  of  the  de- 
partment. 

Second— The  extension  of  knowledge  in  depart- 
ment lines. 

The  work  of  instruction  is  designed  primarily  for 
the  undergraduate,  but  it  is  intended  to  offer  also 
the  maximum  facilities  for  advanced  work  and,  as 
far  as  possible,  to  make  the  advantages  of  the  de- 
partment, and  especially  the  facilities  of  the  labora- 
tory, available  to  practicing  engineers.  It  is  hoped 
to  accomplish  the  latter  through  the  summer  school 
and  by  a  proposed  short  course  during  mid-winter. 

The  writer  believes  that  instructional  work  should 
include  the  three  following  essential  ideas : 

First— A  thorough  conception  of  the  theoretical 
foundation  of  hydraulic  principles,  illustrated  experi- 
mentally in  the  lecture  room  in  order  to  assure  a 
complete  understanding  and  full  appreciation  of  their 
significance.  This  work  is  to  be  followed  and  rein- 
forced by  personal  experimentation  by  the  student 
himself,  and  calculation  based  thereon. 

Second— The  application  of  theoretical  principles 
to  professional  work.  In  this  connection  instruction 
should  be  given  not  only  in  the  application  of  prin- 
ciples, but  also  in  the  method  of  meeting  and  solving 
engineering  problems,  and  applying  to  such  solutions 
theoretical  principles  not  only  of  hydraulics  but  of 
other  theoretical  sciences  which  must  be  correlated 
and    applied    in    successful    professional    work.     By 
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such  means  the  attention  of  the  student  may  be  drawn 
to  the  application  of  his  various  theoretical  studies 
and  to  the  various  necessaiy  modifications  of  theory 
in  practice. 

Third— The  direction  of  the  attention  of  the  stu- 
dent to  the  fact  that  university  work  is  preparatory 
only :  that  he  is  learning  how  to  study,  how  to  investi- 
gate, where  and  how  information  can  be  obtained,  and 
how  to  apply  his  infoiTaation  and  the  result  of  his 
investigation  to  engineer  problems:  that  to  become  an 
engineer  will  require  much  future  study  and  much 
experience  and  practice,  and  that  to  stand  high  in  his 
professional  attainments  and  to  specialize  in  any 
branch  will  require  continued  devotion  to  study  and 
investigation  throughout  his  professional  life,  to 
which  his  university  life  is  simply  inti'oductory. 

Theoretical  hydraulics,  as  taught  previous  to  19W 
in  the  University  of  Wisconsin,  and.  as  far  as  the 
writer  is  informed,  in  most  technical  institutions,  con- 
sisted of  a  theoretical  discussion  of  hydraulic  prin- 
ciples, practically  separate  from  demonstration  in  the 
laboratoiy  or  other  illustrative  work.  The  labora- 
tory work  was  practically  separate  and  was  not 
carried  on  in  direct  connection  with  and  as  a  part  of 
the  theoretical  course.  It  was.  indeed,  found  im- 
possible, at  the  University  of  Wisconsin,  to  cany  on 
the  laboratory  work  parallel  to  and  in  direct  connec- 
tion with  the  work  of  the  theoretical  course.  This 
was  largely  due  to  the  fact  that  every  laboratory  is 
limited  both  in  size  and  equipment:  that  the  time 
available  for  laboratory  work  is  also  limited:  and  that 
it  is  therefore  impossible  for  the  students  each  to 
perfonn  the  experiments  at  the  same  time  they  are 
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studpng  the  text,  which  would  ilhistrate  the  text  and 
make  it  plain  and  bring  about  a  full  realization  of 
the  theory  discussed.  This  theoretical  work,  given 
entirely  or  partially  apart  from  any  illustrative  ex- 
perimental or  laboratory  work,  has  been  very  unsatis- 
factory in  its  results.  Students,  as  a  rule,  do  not 
become  interested  in  the  subjects  which  they  under- 
stand with  difficulty,  and  which  are  illustrated  only 
by  such  cuts  and  pictures  as  can  be  made  and  repro- 
duced in  the  text  book.  They  usually  fail  to  grasp 
the  full  meaning  of  the  theory  or  to  appreciate  its 
application  and  the  course  seems  of  little  direct 
value,  beyond  a  fundamental  training,  to  many,  until 
they  enter  into  active  practice  and  begin  to  realize 
from  their  own  actual  experience  the  meaning  and 
bearing  of  the  subject. 

The  writer  realizes  that  no  subject  can  be  so 
thoroughly  well  taught  that  it  will  become  fully  the 
mental  property  of  the  student  until  he  has  had  the 
opportunity  of  putting  it  into  active  use  in  his  prac- 
tice in  many  places  and  at  many  times.  He  then 
begins  to  fully  realize  the  meaning  and  importance 
of  a  subject  from  his  own  experience. 

It  has,  however,  appeared  to  the  writer  that  it  would 
be  possible  to  illustrate  and  demonstrate  the  ideas, 
conceptions,  and  theories  of  hydraulics,  which  it  is 
desired  to  convey  to  the  student  by  class-room  experi- 
ments, ill  such  a  way  that  he  could  better  appreciate 
the  meaning  and  intent  of  these  theories  and  concep- 
tions and  be  more  ready  and  able  to  apply  them  cor- 
rectly to  his  practical  work  when  such  work  comes 
to  hand.  No  instructor  would  consider,  at  the  present 
day,    that    physics    could    be    well    presented    to    the 
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student  entirely  from  the  text  book  and  without  class- 
room illustrations.  The  fundamental  ideas  of  physics 
are  usually  most  completely  demonstrated,  illustrated 
or  emphasized  by  experiments,  which  often  leave  a 
life-long  impression  on  the  students.  The  writer  can 
recall  the  full  details  of  many  such  successful  and 
instructive  experiments,  in  his  own  college  days, 
which  illustrated  and  emphasized  principles  that 
have  remained  so  clearly  outlined  in  his  memory  that 
he  will  never  forget  them. 

It  would  seem,  therefore,  that  the  same  principles 
should  be  applied  to  the  teaching  of  hydraulics  and, 
with  this  idea  in  view,  a  lecture  room  is  now  equipped 
in  the  hydraulic  laboratory  in  such  a  manner  that  the 
fundamental  ideas  and  principles,  or,  at  least,  the 
most  important  of  them,  can  be  demonstrated  and 
explained  to  the  students  during  the  discussion  of 
theoretical  hydraulics.  It  is  intended  that  the  work 
in  this  line  shall  be  carried  on  very  much  the  same 
as  in  the  physics  lecture  room.  The  apparatus  is  ar- 
ranged and  ready  for  use,  or  is  perhaj^s  already  in 
operation,  when  the  hour  for  class-work  arrives.  The 
theory  is  demonstrated  by  these  experiments  and, 
from  the  information  gleaned  from  the  experiments, 
problems  are  considered,  reported,  and  worked  out 
in  the  class  while  the  experiments  are  fully  in  mind 
or  while  they  are  being  demonstrated  or  repeated. 
It  is  believed  that  the  results  of  this  method  of  in- 
struction cannot  but  be  a  very  great  improvement  on 
the  previous  method  used.  The  student  will  learn 
not  only  from  his  text  book  what  must  be  expected 
under  given  conditions,  but  he  will  see  the  results  of 
the   theoretical    deduction   fullv   demonstrated.       The 
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theory,  and  the  facts  in  the  case,  will  be  seen  to 
accord,  and  a  knowledge  of  their  relations  will  become 
his,  for  he  will  receive  not  only  a  mental  but  also  an 
optical  demonstration  of  them.  He  will  not  be 
obliged  to  take  the  statement  of  the  instructor  or 
author  of  the  text  book  for  the  facts,  because  he  will 
see  them  for  himself  and  will  become  an  authority 
for  the  fact.  His  interest  will  become  aroused,  his 
attention  will  be  attracted,  and  that  which  was  before 
a  dry  and  uninteresting  subject  will  l^ecome  attractive 
and  of  real  interest.  The  result,  it  is  believed,  is  of 
importance  not  only  in  the  teaching  of  the  funda- 
mental principles  of  hydraulics  but  also  in  the  labo- 
ratory work  which  will  follow.  Students  become 
l)etter  acquainted  with  the  subjects  and  are  better 
prepared  to  undertake  the  determination  of  some  of 
the  more  important  facts  which  it  is  desired  to  em- 
phasize by  means  of  laboratory  work. 

The  writer  has  described  in  another  article  the  new 
hydraulic  laboratory  of  the  University  of  "Wisconsin 
and  will  here  outline  only  a  few  of  the  illustrative 
experiments  performed  before  the  various  classes  in 
the  department. 

Fig.  1  shows  a  jet  experiment  by  which  some  of  the 
fundamental  principles  of  hydraulics  are  illustrated. 
At  the  right  is  a  tank  about  three  feet  square  which 
is  kept  full  of  water  to  the  desired  gauge  height  by 
a  supply  pipe  entering  the  tank  at  the  bottom.  Three 
standard  orifices  are  placed  in  one  side  of  the  tank 
and  discharged  into  the  receiving  basin  upon  which 
the  tank  rests.  A  blackboard  ruled  in  feet  and  tenths 
is  placed  with  the  zero  line  of  its  abscissas  on  a  line 
with  the  plane  of  the  orifice  and  closely  behind  the 
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jets  passing  from  them.  The  paths  of  these  jets  are 
clearly  outlined  against  the  cross  section  of  the 
blackboard. 

The  following  illusti'ates  two  calculations  based 
upon  the  exi>eriment: 

To  prove  Torricelli's  theorem  by  this  experiment, 
i.  €..  that 

h  =  4.52  -  2.00  =  2.52. 
r  =  8.02  \jr=  8.02  X  1.5S7  =  12.72^  ft.   per   sec 


Fig.  1. 

Time  to  pass  through  space  of  -i  feet  at  rate  of 
12.728  ft.  per  second 

4  12.72S  =  0..3142  sec. 

Distance  a  body  will  fall  in  0..314  sec.  = 
s  =  Igr-  =  i  X  32.16  X  (0.3U2)-  =  1.5S7  ft. 
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Check  on  blackboard 

s  =  1.6  feet. 

To  show  that  the  path  of  the  jet  follows  a  parabola 
with  equation 

x'  =  2py, 
p  =  5.        * 

Let  y  =  0.1,  then  a-  =  2  X  5  X  0.1-1  and  x  =  l 
checked  on  blackboard. 

Let  1/  =  0.5,  then  .7-  =  2  X  5  X  0.1  and  x  =  2 
checked  on  blackboard. 

Let  y  =  0.9  then  2  X  5  X  0.9  =  9  and  x  =  3  checked 
on  blackboard. 

Let  y  =  1.6  then  .r-  =  2  X  5  X  1.6  and  o:  =  1 
checked  on  blackboard. 

To  show  the  conversion  of  energy  from  potential 
to  kinetic  and  its  reconversion  to  a  potential  form, 
and  the  losses  commonly  entailed  in  such  transforma- 
tion, the  exi^eriment  illustrated  in  Fig.  2  is  introduced. 

In  this  experiment  the  jet  is  discharged  through  a 
nozzle  from  the  right  hand  tank  under  a  head  of  four 
feet  and  has  a  velocity  of  about  95  per  cent,  of  that 
due  to  the  head,  which  is  demonstrated  by  a  pitot 
tube.  The  actual  loss  in  head  and  consequently  in 
energy-  from  the  transformation  is  about  10  per  cent. 
The  kinetic  energy*  of  the  free  jet  after  passing  un- 
confined  through  a  space  of  about  six  inches  is  recon- 
verted into  potential  form  by  entering  a  gradually  ex- 
l>anding  tube  attached  to  the  tank  on  the  left  where, 
on  account  of  the  condition,  only  about  75  ]>er  cent, 
of  the  velocity  energy  of  the  jet  is  recovered  and  a 
loss   in  head  of  about   1.61   feet,   or   about   44.4   per 
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cent,  results.  The  net  result  of  the  experiment  is  a 
total  loss  in  the  entire  conversion  and  reconversion 
of  50  per  cent  of  the  original  energy. 


■mmk 


Fig. 


To  illustrate  in  the  lecture  room  the  principles  of 
the  reaction  turbine,  a  simple  form  of  this  machine, 
shown  in  Fig.  3.  has  been  constructed.  This  is  the 
form  known  as  Barker's  mill  and  consists  of  a  body 
of  10-inch  wrought-iron  pipe  provided  with  a  bottom 
and  shaft  with  six  nozzles  attached  tangentially  near 
the  base.  A  brake  pulley,  B.  is  attached  near  the 
upper  end  of  the  shaft,  and  a  string  break  passes 
around  the  pulley,  being  attached  to  a  weight.  W. 
(with  scale  S  indicating  its  amount)  at  one  end,  and 
to  a  friction  weight,  A.  at  the  other.      Various  prim- 
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eiples  of  the  reaction  turbine  are  illustrated  and 
demonstrated  by  the  operation  of  this  wheel.  For 
example:  to  show  that,  with  a  given  head,  a  wheel 
must  operate  practically  at  one  certain  speed  in  order 
to  develop  the  maximum  i)ower  from  the  wheel,  water 


"k:.    .). 


is  admitted  throuoh  the  i)iiie,  P,  the  brake  cord  is 
loosened,  and  the  wheel  begins  to  revolve  (see  Fig. 
4),  When  the  head  has  become  constant  and  the 
revolutions  uniform,  the  revolutions  ])er  minute  are 
determined  by  revolution  counter  and  the  runaway 
speed,  or  the  speed  at  which  the  nuichine  will  operate 
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without  other  than  its  own  friction  load,  is  thus 
shown.  A  load  is  gradually  applied  to  the  wheel  by 
adding  weight  in  the  scale  pan.  A,  and  the  effect  is 
measured  on  the  scale,  S. 


Fu,.  4. 

The  net  added  friction  load  is  the  difference  be- 
tween the  scale  reading.  .9,  and  the  friction  weight, 
A.  Eeadiugs  are  taken  with  various  loads  and 
speeds.  The  student  observes  the  data,  calculates  and 
plots  the  results  in  order  to  obtain  a  graphical  repre- 
sentation of  the  law  and  to  impress  the  principle  on 
his  mind. 
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The  same  facts  are  also  shown  by  experiments  on  a 
tangential  or  impulse  wheel  (see  Fig.  5).  The  fol- 
lowing are  the  results  of  two  experiments  on  these 
wheels  made  before  a  class  of  more  than  one  hundred 
students.      Each   student   calculated   the    results    and 


Fic.  :>. 


plotted  curves  showing  the  relation  found  between 
power  and  speed  (see  Fig.  6)  thus  emphasizing  and 
making  clear  to  the  student  the  fact  that  in  all  cases 
in  order  to  obtain  the  maximum  power  of  a  water 
wheel,  the  peri})heral  velocity  of  the  wheel  must  bear 
a  certain  definite  and  fixed  relation  to  the  velocity  due 
to  the  head. 

Tlic  theoretical  work  in  hydraulics  at  the  University 
of  Wisconsin  is  now  confined  to  the  first  ten  weeks 
of  the  semester  during  which  ])eriod  the  various  lec- 
ture room  experiments  are  performed  to  illustrate 
and  demonstrate  the  theoretical  studv.      The  last  five 
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EXPERIMKNTS    WITH    REACTION    WaTER   WhEELS. 

Diameter  of  wheel   1.4  ft. 

Head  of  water    2.5  ft. 

Diameter  of  brake  pulley 0.5  ft. 

Weight        Friction  Weight    Net  Weight  Rev.  Developed 

Scale  N.  A.  on  Brake.  Per  Min.  Power. 

0.  0.  0.  130  0. 

4.(3  0.75  3.85  100  0.0185 

O.S  1.4  5.4  85  0.0122 

i).G  2.2  7.4  68  0.0242 

12.0  2.9  9.1               ■        49  0.0214 

13.2  3.5  9.7  36  0.0168 

14.2  4.1  10.1  0  0. 

Experiments  with  Double  Tangential  Wheel. 

Diameter  of  wlieel    1.0  ft. 

Head  of  water   115  ft.  or  50     lbs. 

Lever  arm 2     ft. 

Weight        Friction  Weight  Net  \\eight  Rev.  Developed 

Scale  S.  .4.  on  Brake.  Per  Min.                    Power. 

0.  0.9  0.  1.250  0. 

1.6  0.9  0.7  1,090  0.294 

2.1  0.9  1.2  1,030  0.475 

2.9  0.9  2.0  830  0.638 

3.3  0.9  2.4  760  0.710 
3.9  0.9  3.0  650  0.748 
5.1  0.9  4.2  440  0.700 

5.4  0.9  4.5  370  0.640 
5.9  0.9  5.0  280  0.537 
7.6  0.9  6.7  0  0. 

weeks  of  the  semester  are  given  up  to  laboratory  work, 
the  time  spent  being  so  concentrated  that  the  student 
has  a  longer  time  at  each  period  to  devote  to  his 
ex]ieri mental  work. 

In  la})oratory  work  the  student  is  first  assigned  a 
reference  to  some  similar  experimental  work,  of 
which  he  makes  an  abstract.  He  then  investigates 
the  apparatus  to  be  used  and  reports  on  the  methods 
he  proposes  to  follow;  he  then  performs  the  ex]ieri- 
ments  assigned,  taking  care  to  secure  a  high  degree 
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of  accuracy.  He  finally  calculates,  under  the  direction 
of  the  instructor,  the  coefficient  or  results  determined 
by  the  experiments. 

There  is  thus  secured:  (1)  Experimental  demon- 
stration before  the  student  of  the  theory  under  dis- 
cussion and  a  clear  comprehension  of  the  principles 
involved;  (2)  the  personal  investigation  by  the  stu- 
dent of  the  extent  of  information  available  on  any 
subject  to  be  investigated.  A  study  of  the  apparatus 
and  methods  used  for  further  investigation.  The 
personal  experimentation  by  the  student  himself  illus- 
trative of  the  principles  he  has  already  studied  in  his 
theoretical  course,  and  his  calculation  of  the  results 
of  such  experiments  and  the  determination  of  the  co- 
efficients by  which  the  theoretical  results  are  modified. 

As  far  as  we  are  able  to  judge,  the  results  have 
been  much  more  satisfactory  than  the  earlier  methods 
which  we  were  obliged  to  pursue  during  1904-5  and 
1905-6,  before  the  laboratory  and  lecture  room  appa- 
ratus was  available.  Our  judgment  is  based  on  the 
expression  of  the  students  themselves,  and  the  results 
now  attained  in  advanced  work,  the  choice  of  elective 
advanced  courses  by  engineer  students,  and  the  in- 
terest shown  by  the  election  of  hydraulic  research 
work  for  thesis  subjects. 

There  has  been  introduced  into  the  curriculum  of 
the  hydraulic  engineering  department  the  subject  of 
hydrology,  not  hitherto  taught  in  the  University  of 
Wisconsin,  or,  as  far  as  the  writer  knows,  at  any 
other  institution.  From  the  writer's  practical  ex- 
perience in  hydraulic  work  he  believes  that  the  most 
prolific  source  of  failure  in  hydraulic  installation, 
hydraulic   problems,   or   schemes   in   which   hydraulic 
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problems  are  involved,  is  the  lack  of  fundamental 
knowledge  of  many  of  the  principles  that  are  included 
under  the  title  of  hydrology. 

The  writer  has  stated  in  another  place  that  ''Hydrol- 
ogy, in  its  broadest  sense,  treats  of  the  proi^erties, 
law  and  phenomena  of  water;  of  its  physical,  chem- 
ical, and  physiological  relations,  of  its  distribution 
and  occurrence  over  the  earth's  surface  and  within 
the  geological  strata,  and  of  its  sanitary,  agricultural 
and  commercial  relations."  In  presenting  this  sub- 
ject to  engineering  students  such  relations  as  bear 
more  specifically  on  the  work  of  the  engineer  are 
discussed  and  considered.  It  is  the  writer's  belief 
that  a  study  of  this  subject  should  precede  all  ad- 
vanced work  in  hydraulic  engineering.  At  present, 
at  the  University  of  AVisconsin,  the  subject  is  required 
of  the  students  in  civil  engineering  only  and  prior  to 
their  consideration  of  the  subjects  of  water  supply, 
drainage,  irrigation,  and  of  sewerage  and  sewerage 
disposal.  The  students  in  mechanical  and  electrical 
engineering  who  are  reiiuired  to  take  up  the  course 
in  water  power  are  not  re<iuired  to  take  hydrology 
as  a  prerequisite  to  the  water  power  study.  In  con- 
sequence of  this  fact,  those  elements  of  this  subject 
which  bear  more  specifically  on  the  subject  of  water 
power  are  discussed  in  the  water  power  class.  It  is 
the  writer's  belief,  however,  that  the  subject  of  hydrol- 
ogy should  be  a  required  subject  for  all  engineering 
students  just  as  nmch  as  the  subject  of  theoretical 
hydraulics,  and  that  it  is  more  essential  than  the 
advanced  professional  work. 

The   other   subjects   taught   in   the   department   are 
public  water  supply;  drainage,  sewerage  and  irriga- 
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tion  (considered  a-  a  single  subject ) :  water  power ; 
hydraulic  machinery:  and  rivers  and  canals.  In  all 
of  these  subjects  an  attempt  is  made  not  only  to 
develop  the  theory  on  which  these  subjects  are  based, 
but  to  show  the  application  of  this  theory  by  illustra- 
tion from  actual  practice.  An  attempt  is  made,  in 
this  way.  both  to  make  the  subjects  interesting  to 
the  student  and  to  bring  home  to  him  the  fact  that 
the  principles  are  real,  living  principles  which  every 
engineer  who  would  he  successful  must  understand 
and  be  able  to  apply.  He  is  made  to  realize  as  fully 
as  possible  that  the  theories,  problems,  and  laws  which 
are  brought  to  his  attention  are  not  simply  mathe- 
matical and  scientific  mental  gymnastics  for  his  edu- 
cational benefit  but  are  also  of  direct  and  living 
interest  and  that  a  full  knowledge  of  the  same  is  vital 
to  his  professional  success.  As  far  as  ix)ssible,  the 
structures  and  machines  which  are  considered  are 
illustrated  by  models,  and  when  models  are  not 
available,  drawings,  photographs  and  lantern  slides 
are  used.  The  student  is  called  upon  to  work  out 
l>ractical  problems  of  such  a  nature  that  while  their 
utility  is  fully  recognized  by  him  they,  yet  involve 
and  emphasize  the  theoretical  principles  which  must 
constitute  the  educational  foundation  of  eveiy  suc- 
cessful engineer.  The  student  is  taught  that  a  knowl- 
edge of  the  methods  of  theoretical  analysis  is  essential 
for  his  successful  consideration  of  a  subject,  but  that 
the  knowledge  of  their  application  and  the  develoi>- 
ment  of  his  judgment  are  of  ecjual  importance.  He 
is  taught  that  both  theoretical  knowledge  and  practical 
technical  experience  must  go  hand  in  hand  and  that 
either  without  the  other  is  imperfect;  and  an  attempt 
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is  made  to  have  him  fully  realize  the  advantage  of 
his  educational  opportunities,  at  the  same  time  to 
fully  understand  that  without  the  actual  experience 
that  is  developed  only  by  ]>ractice  his  theoretical  edu- 
cation is  unsatisfactory  and  incomplete  and  can  be 
applied  only  with  almost  certainty  of  serious  error. 

Besides  the  subject  of  theoretical  hydraulics,  per- 
haps the  greatest  departure  that  has  been  made  from 
past  practice  among  technical  schools  is  in  the  in- 
struction on  the  subject  of  hydraulic  machinery.  All 
text  books  on  hydraulic  machinery,  so  far  as  the 
writer  is  aware,  are  written  principally  from  the 
standpoint  of  the  designer,  of  the  man  who  is  ex- 
pected to  undertake  the  constiTiction  of  this  machin- 
ery. That  is  to  say:  the  theory  of  the  machine  and 
the  theoretical  effect  of  modification  in  form  and  de- 
sign are  discussed,  and  the  practical  results  of  its 
actual  use  are  not  considered.  Of  the  students  who 
pass  through  our  educational  institutions  a  very 
small  percentage  give  their  time  and  attention  to  the 
manufacture  of  hydraulic  machinery.  Almost  all  of 
them,  however,  will  use  machineiy  of  this  kind  to  a 
greater  or  less  extent.  Almost  all  of  them,  therefore, 
are  interested  in  the  selection  of  machinery,  in  its 
installation,  its  operation  and  maintenance,  and  it  is 
from  this  standpoint  that  an  attempt  is  made  to  con- 
sider this  subject  at  the  University  of  Wisconsin. 
The  engineer  who  is  called  upon  to  select  and  install 
this  class  of  machinery  for  his  client  or  employer 
is  necessarily  and  particularly  interested  in  the  de- 
tails of  construction  so  far  as  they  will  affect  the 
efficiency  and  operation  of  the  machine.  He  may  feel 
an  interest  in  the  details  of  manufacture  but  a  knowl- 

(17) 
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edge  of  the  minutiae  is  seldom  essential  to  his  pur- 
jDOse.  His  interest  is  centered  in  the  selection  of  the 
machinery  which  forms  a  part  of  the  plant  that  he  is 
called  upon  to  design,  and  he  regards  the  machines  in 
question  as  only  a  part  of  a  perfect  whole  which  it  is 
his  duty  to  create.  To  him  a  machine  is  a  unit  which, 
with  other  units,  must  be  selected  and  installed  in 
order  to  form  a  complete  and  satisfactory  plant.  His 
interest  in  the  details  of  the  machine  lies  particularly 
in  their  effect  on  its  operation,  maintenance  and  effi- 
ciency. He  is  not  necessarily  an  expert  on  any  one 
class  of  machinery  but  he  must  not  only  understand 
the  single  class  of  machinery  in  which  the  expert  is 
interested,  but  he  must  also  be  familiar  with  a  great 
variety  of  machinery  to  which  other  experts  may  be 
giving  their  entire  attention  and  concerning  the 
minute  details  of  which  it  is  impossible  for  him  to 
thoroughly  inform  himself.  The  mental  capacity  of 
a  man  is  not  sufficient  to  permit  him  to  know  in  detail 
all  things;  hence  the  necessity  of  an  expert.  Hence, 
also,  the  necessity  of  the  man  whose  general  knowl- 
edge is  in  sufficient  detail  to  be  able  to  compare  the 
values  of  various  classes  of  machinery  and  to  select 
those  classes  which  are  of  the  proper  type  for  the 
particular  purposes  of  the  installation  which  he  may 
have  in  charge.  The  point  of  view  of  the  machine 
designer  and  of  the  engineer  of  the  installation  have 
much  in  common,  and  the  installing  engineer  is,  of 
course,  all  the  better  fitted  for  his  work  if  he  under- 
stands thoroughly  all  the  details  of  constniction  of 
any  machine  which  he  is  called  upon  to  select  and 
utilize,  provided  at  the  same  time  his  knowledge  is 
broad  enough  to  give  him  a  correct  conception  of  the 
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relative  importance  of  other  machine  imits  which 
should  be  considered  in  selecting  the  parts  of  the 
complete  installation.  He  needs  specific  information 
concerning  the  general  features  of  all  machines  with 
which  he  must  be  necessarily  acquainted  in  order  to 
intelligently  and  satisfactory  accomplish  his  purpose. 
It  is  this  conception  of  hydraulic  machinery  which 
the  writer  is  endeavoring  to  eml)ody  in  the  course  in 
hydraulic  machinery. 

It  must  not  be  understood  that  an  attempt  is  l)eing 
made  in  this  case  to  introduce  a  large  amount  of  dis- 
connected information  which,  while  important  to  the 
practicing  engineer,  nevertheless  does  not  constitute 
the  foundation  for  a  proper  technical  education,  for 
such  is  not  the  case.  In  this  course  an  attempt  is  made 
to  create  the  necessary  theoretical  basis  whi<^h  will 
allow  of  correct  deduction  in  the  subject  considered, 
to  furnish  the  fundamental  basis  on  which  the  prin- 
ciple of  the  selection  of  machinery  must  depend,  and 
to  develop  those  principles  in  regard  to  machine  con- 
struction which  is  not  only  important  but  essential 
for  every  practicing  engineer— who  is  obliged  to  se- 
lect, install,  operate  or  maintain  various  classes  of 
machinery— to  know  in  order  that  his  work  may  be 
done  to  advantage.  In  all  these  subjects  an  attempt 
is  also  made  to  assure  a  knowledge  of  the  literature 
of  the  subject  so  as  to  make  it  fully  available  for 
future  study  and  research,  to  impress  the  necessity 
of  careful  and  detailed  study  of  each  particular  prob- 
lem by  itself  and  to  induce  a  recognition  of  the  theo- 
retical principles  which  must  underlie  the  subject  and 
which  are  necessary  for  its  proper  consideration  and 
for  its  successful  treatment. 


196        IXSTRUCTIOX     IX     HYDEAULIC     EXGIXEERIXG. 

An  essentia]  feature  of  the  writer's  conception  of 
his  department  work  is  the  extension  of  knowledge 
along  hydraulic  lines.  Considerable  attention  there- 
fore has  been  and  will  be  given  in  the  laboratory  to 
advanced  and  research  work. 

Experiments  of  considerable  importance  have  been 
completed  on  the  flow  through  submerged  orifices 
four  feet  square,  the  results  of  which  are  set  forth  in 
Bulletin  Xo.  216  just  issued.  The  volume  of  water 
available  in  this  main  channel  of  the  laboratory  is 
about  30,000  gallons  per  minute,  or  67  cubic  feet  per 
second  and  offers  a  considerable  opportunity  for  re- 
search work  with  apertures,  weirs,  racks,  etc.,  of 
considerable  size. 

The  experiments  on  the  flow  of  water  through  sub- 
merged orifices  and  various  forms  of  short  conduits 
will  be  extended,  and  it  is  also  intended  to  investigate 
the  elfect  of  racks  and  other  obstructions  on  the  flow 
of  water  through  this  large  channel. 

It  is  intended  to  direct  advanced  and  thesis  work 
in  lines  where  further  infonnation  is  desirable,  and 
to  so  direct  and  check  such  work  by  expert  advice  and 
supervision  that  the  results  obtained  will  be  reliable 
and  of  general  value.  Eesults  of  interest  will  be 
further  investigated,  checked  and  extended,  and  as 
fast  as  the  conditions  seem  to  warrant  will  be  pub- 
lished. 

The  writer  believes  that  there  is  at  present  avail- 
able in  the  hydraulic  laboratories  of  the  various  uni- 
versities and  technical  schools  much  information,  fre- 
quently the  results  of  undergraduate  work,  which,  if 
edited  and  published,  would  be  of  great  value  to  prac- 
ticing engineers.     It  is  true  that  much  of  this  work  is 
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subject  to  considerable  error,  and  that  it  cannot  be 
accepted  without  due  consideration.  Frequently, 
however,  the  experimental  errors  are  much  less  than 
those  which  would  be  met  in  the  actual  application  in 
practice  and  the  data  are  therefore  valuable.  The 
writer  believes  that  the  presentation  of  such  available 
information  is  a  duty  which  the  school  owes  to  the 
profession— a  duty  that  has  not  been  as  yet  either 
properly  appreciated  or  performed. 

It  is  proposed  at  Wisconsin  to  carry  out  these  ideas 
as  fully  as  conditions  will  warrant,  and  to  offer  to 
the  profession  such  information  as  may  be  available 
both  from  students'  work  and  the  more  exact  work  of 
instructors  and  expert  experimenters. 

The  students'  work  will  be  guided  and  checked  as 
far  as  practicable  and  will  be  discussed  as  to  ac- 
curacy and  application  by  those  capable  of  a  clear 
conception  of  the  relative  value  and  importance. 

Special  lines  of  importance  will  be  investigated  by 
expert  experimenters.  One  special  line  of  experi- 
mentation, which  has  been  under  way  for  about  two 
years,  is  in  relation  to  centrifugal  pumps.  For  this 
purpose  a  special  pump  has  been  designed  which  is 
sufficiently  flexible  to  admit  of  a  wide  range  of  change 
in  detail.  Six  forms  of  cases  have  been  designed, 
some  of  which  can  also  be  varied  by  the  addition  of 
various  forms  of  fixed  turbine  blades.  Twenty-four 
forms  of  closed  impellers,  in  which  the  number  and 
shape  of  the  impeller  blades  vary,  have  been  con- 
structed. All  of  these  are  to  be  increased  in  number 
and  varied  in  design  as  the  results  of  the  experi- 
mental work  may  warrant.  This  experimental  pump 
is  operated  by  a  fifty  horse  power  variable  speed  elec- 
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trie  motor,  and  can  be  rnn  at  a  wide  range  of  speeds. 
The  motor  current  is  determined  by  the  most  accur- 
ate forms  of  laboratory  testing  instiTiments,  and  the 
mot-or  losses  are  determined  with  great  care,  so  that 
the  actual  power  reaching  the  pump  is  known  with  a 
considerable  degree  of  accuracy.  Provisions  have 
been  made  for  a  careful  study  of  pressures  and  veloc- 
ities in  the  cases  and  passages  of  the  pump,  and  the 
discharge  is  obtained  over  a  carefully  calibrated  weir. 

The  object  of  this  series  of  experiments  is  the  es- 
tablishment of  the  laws  of  flow  in  machinery  of  this 
t^lDe  and  the  determination  of  the  features  which  will 
result  in  high  efficiencies  and  permit  of  the  attainment 
of  high  heads.  A  special  vertical  t^^pe  of  centrifugal 
pump,  intended  primarily  for  deep  well  work,  de- 
signed by  Mr.  John  W.  Alvord,  of  Chicago,  has  been 
presented  to  the  laboratory  by  Mr.  H.  H.  Porter, 
president  of  the  Chicago  Clearing  and  Transfer  Com- 
pany. This  pump  has  been  tested  in  this  series  of 
experiments  which,  it  is  expected,  will  also  be  ex- 
tended to  pumps  of  various  standard  designs  and 
manufacturers.  The  detailed  results  of  the  experi- 
ments with  the  Alvord  pump  are  published  in  Bulle- 
tin Xo.  173  of  the  University  of  TVisconsin. 

An  experimental  study  of  the  fundamental  prin- 
ciples of  the  hydraulic  ram  has  been  made  recently 
by  ^Ir.  Harza  and  published  in  Bulletin  Xo.  205. 
Various  other  bulletius,  some  six  or  more  in  number, 
are  now  under  preparation. 

While  the  subject  of  hydraulics  is  one  that  has  re- 
ceived much  attention  from  the  earliest  times,  yet 
there   are  many   prolilems   that  have  not   been   suffi- 
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ciently  investigated  and  principles  that  have  not  been 
thoroughly  establislied. 

The  research  work  of  the  hydraulic  laboratory, 
therefore,  is  believed  to  be  an  important  part  of  the 
work  of  the  department. 

The  research  work,  described  in  Bulletins  Nos.  173 
and  205,  has  been  made  by  and  under  the  direction  of 
Mr.  C.  B.  Stewart,  who  has  three  other  bulletins  in 
preparation.  The  theoretical  hydraulics  and  in- 
structional laboratory  work  is  in  the  immediate  charge 
of  Professor  G.  J.  Davis,  Jr.,  and  Mr.  A.  H.  Ayres. 
The  present  course  in  theoretical  hydraulics  and  lab- 
oratory work  is  largely  due  to  Professor  Davis.  The 
advanced  laboratory  and  thesis  work  is  supervised  by 
Professor  Davis,  Mr.  Ayres  and  the  writer. 

Discussion, 

Dean  Marston  :  I  would  call  attention  to  some 
ideas  put  forth  in  this  paper  in  reference  to  teach- 
ing hydraulics.  I  recently  had  the  pleasure  of  ex- 
amining the  hydraulic  laboratory  of  the  University 
of  Wisconsin,  and  it  seems  to  me  that  the  methods  of 
demonstrating  the  work  by  actual  experiments  in  the 
lecture  room  before  the  classes  save  much  time  that 
has  heretofore  been  wasted  in  accustoming  stu- 
dents to  carry  out  experiments  in  the  laboratory. 
Professor  Mead's  work  is  the  result  of  twenty-four 
years'  active  hydraulic  engineering  and  four  years' 
work  at  the  university. 

I  think  that  most  of  the  engineering  graduates  of 
our  schools  retain  interest  in  the  educational  work  of 
•their  alma  maters.  We  get  interesting  letters  from 
our  engineering  alumni   in  which  they  express  very 
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decided  opinions  as  to  different  features  of  engineer- 
ing education.  It  is  an  advantage  to  us  to  have  such 
men  take  an  active  part  in  planning  the  work  of  our 
engineering  schools  and  many  mistakes  in  engineer- 
ing education  might  be  avoided  by  active  cooperation 
between  engineers  in  practice  and  those  in  educational 
work. 

Professor  Hibbaed:  I  want  to  speak  of  the  cultiva- 
tion of  self-dependence.  I  believe  emphatically  in 
that.  While  there  are  several  excellent  results  to  be 
obtained  from  laboratory  practice,  and  the  desire  of 
our  expert  laboratory  instructors  to  give  the  largest 
range  of  experiments,  to  teach  the  largest  number  of 
principles— I  believe  that  there  is  always  grave 
danger  that  each  experiment  will  be  too  thoroughly 
digested  by  the  instructor  for  the  student's  good. 
I  have  talked  with  a  number  of  engineers,  who  have 
told  me  of  their  engineering  colleges,  and  have  found 
many  of  them  emphasizing  the  value  to  them  of  cer- 
tain experiments  in  which  the  responsibility  was 
placed  upon  them ;  and  in  which  the  instructor  did  not 
tell  them  very  much  of  how  to  do  things.  Of  course 
that  can  easily  be  carried  to  the  extreme ;  Init,  I  think 
the  danger  is  the  other  way,  and  that  the  instructor  is 
anxious  to  have  things  too  thoroughly  explained  so 
that  the  students  themselves  do  not  have  to  do  enough 
thinking  and  thus  can  accomplish  more  in  the  eyes 
of  the  instructor. 

Eveiy  year  I  have  the  opportunity  given  me  of 
testing  a  locomotive  on  a  railroad  leading  out  of  our 
city.  Last  month  I  took  the  students  down  to  the 
round  house  to  prepare  the  engine  for  the  test.  I 
did  as  little  as  I  possibly  could  myself.     I  made  the 
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students  responsible.  It  took  them  a  little  longer  to 
rig  up,  of  course.  I  suppose  if  I  had  directed  their 
elforts  they  would  have  rigged  it  up  in  two  and  a  half 
days,  whereas  it  took  them  about  four  days.  But  I  be- 
lieve, and  the  seniors  said  that  they  lielieved,  that  they 
got  immeasurably  more  out  of  it  than  if  I  had  told 
them  how  everything  was  to  be  done.  They  made 
mistakes,  and  I  had  to  correct  them.  They  were  told 
to  put  on  certain  pieces  of  apparatus  but  I  would  not 
tell  them  how  best  to  do  it.  I  would  say,  exercise 
your  own  ingenuity,  getting  on  the  best  way  you  can, 
and  after  you  have  done  the  best  you  can  I  will  tell 
you  if  I  think  it  is  not  as  good  as  it  might  be.  There 
were  a  number  of  experiences  just  like  that.  When 
I  corrected  them,  I  would  not  say,  "You  ought  to  do 
it  such  a  way,"  but  I  would  say,  "That  is  not  the 
right  way  for  thus  and  thus  reasons.  Xow  try  and 
think  out  some  better  way  to  do  it."  Some  of  them 
would  say,  "I  wish  you  would  tell  me  how  to  do  it." 
I  would  reply,  "I  think  it  is  your  job  to  find  out  how 
to  do  it." 

Dean  Kext:  I  agree  with  all  that  has  l)een  said  on 
laboratory  practice,  but  I  want  to  suggest  another 
thing.  In  addition  to  making  the  boys  do  their  own 
thinking,  I  think  it  is  proper  to  have  a  jack  of  all 
trades  or  "universal  tinker"  who  can  turn  his  hands 
to  doing  all  the  things  of  an  incidental  nature  that 
take  up  much  of  the  boys'  time.  The  boys  should  not 
be  made  to  do  every  common  mechanic's  work  in  get- 
ting things  ready;  their  time  is  too  valuable  to  do 
that  kind  of  work  instead  of  having  men  do  the  work 
for  them.  In  practical  engineering  an  engineer  does 
not  do  as  much  with  his  hands  as  he  does  with  his  head. 


ELECTRICAL    LABORATORY    EQUIPMENT    AND 
EFFICIENCY. 

BY    S.    SUMXER    EDilAXDS, 
Head  of  Department  of  Applied  Electricity.  Pratt  Institute. 

The  tmusTiaUT  difficult  conditions  that  have  had  to 
be  met  in  the  electrical  laboratory  instraction  at  Pratt 
Institute  have  forced  upon  us  an  extended  study  of 
certain  features  of  electrical  laboratoiy  equipment  that 
have  hitherto  received  but  scanty  attention  in  the 
great  majority  of  electrical  laboratories.  It  is  doubt- 
ful whether  at  any  other  educational  institution  in  this 
country  the  electrical  laboratory  has  been  obliged  to 
operate  under  such  a  severe  combination  of  condi- 
tions as  to  size  and  number  of  sections  in  proportion 
to  the  size  of  laboratoiy  and  number  of  instructors, 
and  high  cost  of  floor  space  and  limited  funds  for 
equipment  in  proi^ortion  to  the  needs — conditions  re- 
quiring unusual  economy  in  the  equipment  and  in- 
struction. In  addition  the  .shortness  of  our  course 
demands  that  the  students'  time  be  used  with  the 
greatest  j)ossible  degiee  of  effectiveness. 

We  have  been  experimenting  with  various  features 
of  tbe  problem  for  the  last  five  or  six  years  while  the 
work  has  been  growing,  and  have  been  continually 
discarding  or  modifying  our  conclusions  as  suggested 
by  further  experience  until  we  feel  confident  that  we 
have  now  arrived  at  a  reasonably  satisfactoiy  and 
l^ermanent    solution  — a     solution    radically    different 
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from  our  preconceived  notions,  and  one  that  has  been 
the  outcome  of  the  conditions  referred  to  in  much  the 
same  way  that  the  modern  tall  office  building  has 
been  made  necessary  by  values  of  office  rental  and 
high  cost  of  land,  or  that  rai)id  transit  has  been 
forced  by  congestion  of  population. 

Inasmuch  as  other  institutions  are  beginning  to  ex- 
perience a  similar  pressure  demanding  greater  effect- 
iveness in  the  use  of  their  electrical  laboratories,  and 
will  soon  have  to  face  many  of  the  problems  that  we 
have  considered,  it  is  thought  that  a  description  of 
our  method  of  electrical  laboratory  equipment  will 
be  of  interest  to-  many  members  of  this  Society. 

The  dynamo  laboratory  equipment  at  Pratt  Institute 
is  arranged  in  accordance  with  what  may  be  termed 
the  unit  system,  a  unit  of  equipment  consisting  com- 
monly of  a  direct  connected  motor  and  generator,  or 
perhaps,  of  a  rotary  converter,  or  of  a  motor  and  an 
absorption  dynamometer,  together  with  a  small  switch 
panel  and  a  shelf  for  instruments,  all  of  which  are 
mounted  together  upon  a  skeleton  steel  frame.  A 
typical  unit,  complete  as  above  described,  is  shown 
in  Fig.  1,  consisting  in  this  instance  of  a  five  horse- 
power variable  speed,  three  phase  induction  motor, 
and  a  three  kilowatt  compound  direct  current  gener- 
ator. A  lampbank  or  other  device  for  absorbing 
electrical  energy  is  included  in  the  equipment  consti- 
tuting the  unit,  but  is  commonly  mounted  u])on  a 
nearby  wall  for  convenience  and  economy  of  space. 
Lnless  there  be  special  reasons  for  having  one  or 
more  duplicate  sets  of  dynamo  machines,  other  equip- 
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ment  nnits  are  similar  to  the  one  shown  in  Fig.  1 
only  in  respect  to  the  steel  frame  and  the  general 
details.  The  dynamo  machines  are  different  and  are 
so  chosen  that  the  collection  as  a  whole  will  properly 


Fig.   1.     Motor  Generator  Set  Without  Auxiliary  Equipment. 


represent  the  various  types  of  commercial  electrical 
machines,  and  will  atford  facilities  for  experiments 
over  the  whole  range  of  electrical  machinery.  For 
example,  the  dynamo  equipment  of  some  of  the  other 
units  comprises  a  direct  current  motor  and  an  alter- 
nating generator,— a  direct  current  motor  and  a  direct 
current  generator,  — and  an  induction  motor  and  a 
Prony  brake.  Various  other  combinations  are  feas- 
ible and  desirable  and  will  naturally  suggest  them- 
selves. 
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It  should  lie  especially  noted  that  the  equipment 
nnit  includes  no  instruments,  rheostats,  or  other  auxil- 
iary equipment,  which  would,  of  course,  be  necessary 
for  the  performance  of  experiments,  nor  are  the 
dynamo  machines  in  any  way  connected  or  wired, 
nor  are  there  any  indications  of  what  connections, 
instruments,  switches,  rheostats,  etc.,  should  be  em- 
ployed for  any  use  whatsoever  to  which  the  machines 
may  be  put.  This  auxiliary  e(|uipment  is  brought  to 
the  iiulf  by  the  students  and  arranged  and  connected 


Fi(i.  2.     Motor  (iciR'iiitor  Set    \\  ith  Auxili;ny   l'li|iii|(iiuMit. 


by  tliem  to  meet  the  re(iuirements  of  the  particular 
experiment  they  are  performing.  The  same  unit 
shown  in  Fig.  1  is  again  seen  in  Fig.  2,  with  portable 
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auxiliary  e<4tiipment  assembled  and  eoimeeted  ready 
for  an  expeiiment.  Fig.  3  gives  a  rear  view  of  the 
same.      It  is  evident  that  the  whole  arrangement  is 


Fig.  3.     A  Unit  and  Auxiliary  Equipment — Rear  View. 
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very  compact,  and  also  that  it  embodies  a  maximum 
of  convenience.  The  illustrations  show  strikingly 
how  the  unit,  when  stripped,  oli'ers  no  suggestion  to 
the  student  as  to  method  of  procedure  in  carrying  out 
an  experiment,  and  yet  at  the  same  time  affords 
means  by  which  the  student  can  with  little  expendi- 
ture of  time  conveniently  dispose  the  necessary 
auxiliary  apparatus,  and  proceed  with  the  experi- 
ment, provided  he  knows  what  to  do.  There  is  no 
time  wasted  in  the  overcoming  of  minor  mechanical 
difficulties,  which  oftentimes  may  consume  more  time 
than  the  exi^eriment  itself.  It  is,  of  course,  evident, 
also,  that  this  arrangement  is  perfectly  flexible  and 
equally  well  adapted  to  the  performance  of  all  of  the 
experiments  possible  with  the  dynamo  machines  be- 
longing to  the  unit. 

A  few  further  details  regarding  certain  features  of 
the  unit  plan  of  equipment  will  be  of  special  interest 
to  those  who  may  have  similar  problems  to  consider. 

A  uniform  size  of  steel  frame  for  the  ujiif  is  made 
possible  by  the  adoption  of  a  standard  capacity  for  the 
d\Tiamo  machines.  A  capacity  of  five  horsepower  or 
three  kilowatts  has  been  selected  for  the  Pratt  Insti- 
tute laboratory.  Also  standard  voltage  of  110  volts 
direct  current  and  110  volts  three-phase  have  been 
adopted  for  the  greater  jjart  of  the  equipment.  Ad- 
herence to  these  standards  greatly  simplifies  the  ar- 
rangement of  the  units  in  the  laboratory,  and  the 
supplying  of  electrical  power  for  the  experimental 
work,  and  renders  the  portable  rheostats,  instruments, 
switches,  etc.,  interchangeable  to  an  extent  that  greatly 
increases  the  flexibility  of  the  equipment.      U]ion  the 
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small  panel  at  the  rear  of  the  steel  frame  are  mounted 
projjer  sei'vice  switches  connected  to  the  electric 
mains   supplying  power  for  operating  the  machines, 


Fig.  4.     A  Bench  Section  in  Service. 
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and  on  this  panel  terminate  conductors  leading'  to  an 
adjustable    lamp    bank    conveniently    located    on    the 


l-'Hi.  .').     A  Bencli  Section   in   Dvnaiiio   Laboiatorv. 
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wall  and  of  proper  capacity  for  loading  the  generator. 
If  lines  to  other  parts  of  the  laboratoiy  are  required 
they  also  terminate  on  this  panel.  The  teinninals 
of  all  electrical  circuits,  whether  on  permanently  in- 
stalled or  on  portable  apparatus,  are  of  uniform  size 
and  design,  and  a  single  style  of  connecting  cable 
suflBces  for  all  connections  between  the  various  pieces 
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Fig.  6.     The  Motor  and  Generator  Equipment. 


of  ^paratus.  Each  field  rheostat  and  each  starting 
rheostat  is  mounted  upon  a  light  wrought  iron  frame 
provided  with  hooks  or  "hangers"  so  that  it  may  be 
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hung  on  the  steel  frame  of  tlie  unit,  as  shown  in 
Fig.  2  and  Fig.  3.  The  student,  in  performing  an 
experiment,  proceeds  to  the  particular  unit  to  which 
he  has  been  assigned  and  finds  it  in  the  condition 
shown  in  Fig.  1. 

He  must  determine  for  himself  what  auxiliary  ap]ia- 


FiG.  7.     A  Section  of  Dynamo  Laboratory. 

ratus  is  necessary,  and  what  connections  should  be 
made;  and  here  he  has  only  his  own  knowledge  and 
originality  to  guide  him.  Having  done  this,  he 
obtains  tlie  necessary  instruments,  rheostats,  switches, 
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cables,  etc.,  from  the  stock  room,  or  racks  where  they 
are  kept,  assembles  this  portable  apparatus  ou  the 
frame  of  the  unit,  and  makes  whatever  comiections 
are  required,  as  illustrated  in  Fig.   2  and  Fig.  3.     ' 

(,)n  the  completion  of  his  experiment,  the  student 
returns  the  auxiliary  equipment  to  its  proper  place, 
restoring  the  unit  to  the  condition  shown  in  Fig.  1, 
and  leaving  it  ready  for  use  in  the  performance  of 
any  other  experiments  within  the  possibilities  of  the 
dynamo  machines  there  installed. 

The  general  plan  of  equipment  that  has  just  been 
described  in  connection  with  the  dynamo  machinery 
has  been  applied  also  in  what  are  sometimes  called 
"bench"  experiments,  comprising  experiments  with 
transformers,  various  instniments.  lamps,  small 
motors,  etc.,  and  Fig.  -t  shows  a  bench  with  appa- 
ratus assembled  and  connected  for  a  transformer 
test.  The  bench  is  normally  clear  and  free  of  appa- 
ratus as  shown  in  Fig.  5.  all  apparatus  of  the  kinds 
mentioned  being  portable  and  arranged  to  hang  from 
a  rail  on  the  wall. 

A  general  idea  of  the  appearance  of  the  Pratt  In- 
stitute dynamo  laboratory  when  in  use  is  shown  in 
Fig.  6,  only  a  few  students  lieing  included  in  order 
that  the  details  of  the  equipment  may  be  more  evident 
in  the  photograph.  The  units  accommodate  from  two 
to  four  students  depending  upon  the  nature  of  the 
experiment.  It  has  been  found  that  with  this  arrange- 
ment one  instructor  can  easily  direct  a  section  con- 
taining twenty-four  students,  a  much  larger  number 
of  students  than  can  be  handled  satisfactorilv  bv  a 
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single  instructor  in  the  majority  of  electrical  labora- 
tories. A  floor  space  of  21  X  3(1  feet  is  ample  for  the 
installation  of  nine  units,  together  with  a  bench 
against  one  wall,  as  shown  in  Fig.  6.  The  normal 
apearance  of  the  laboratory  when  not  in  use  is  shown 
in  Fig.  7. 

Experience  at  Pratt  Institute  with  this  method  of 
equipment  has  shown  that  the  following  direct  ad- 
vantages have  been  secured. 

1.  A  very  great  saving  of  the  student's  time. 

2.  Greater  effectiveness  of  the  laboratory  instruc- 
tion, in  that  the  student  can  concentrate  his  attention 
upon  the  normal  difficulties  and  problems  of  the 
experiment,  due  to  the  elimination  of  the  annoyance 
arising  from  inadequate  or  incomplete  mechanical 
facilities. 

3.  An  increase  in  the  instructor's  effectiveness  along 
the  normal  lines  of  instruction,  inasmuch  as  his 
attention  is  no  longer  required  for  the  supplying  of 
means  for  the  overcoming  of  minor  difficulties  that 
in  themselves  possess  no  educational  value. 

-t.  The  elimination  of  much  confusion  and  inter- 
ference between  experiments  due  to  the  activities  of 
the  students  assigned  to  a  particular  unit  being  con- 
fined to  the  immediate  vicinity  of  their  self-contained 
iiuif. 

.3.  Orderliness  and  readiness  for  service  becomes 
the  normal  state  of  the  laboratory,  greatly  facilitating 
the   handling   of   consecutively    scheduled    classes. 

6.  An  increase  in  the  number  of  students  that  can 
be  properly  supervised  by  one  instructor. 
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7.  An  increase  in  the  amount  of  apparatus  that 
can  l^e  installed  in  a  given  amount  of  floor  space. 

S.  An  increase  in  the  number  of  students  that  may 
work  satisfactorily  on  a  given  floor  space. 

Another  advantage  of  the  unit  plan  of  equipment, 
when  properly  carried  out.  is  that  alterations  and  ex- 
tensions of  the  laboratories  to  accommodate  growth 
or  changed  conditions  may  l^e  readily  effected  with 
but  slight  saciTfice  of  i^enuanent  investment,  since  all 
parts  of  the  eciuipment  are  practically  portable. 

Criticism  may  be  made  that  we  are  in  danger  of 
giving  the  students  too  much  help  and  too  many  con- 
veniences for  the  i)erfonnance  of  their  exi>eriments. 
and  thereby  depriving  them  of  valuable  opportunities 
for  the  exercise  of  their  own  originality  and  resouix-e- 
fulness.  This  possibility  is  avoided  by  requiring  each 
student  to  devote  a  definite  amount  of  time  to  assisting 
in  the  design,  constniction  and  installation  of  the 
various  parts  of  the  equipment:  and  in  this  connection 
it  should  be  stated  that  the  equipment  of  the  Pratt 
Institute  electrical  lalwratory  is,  with  the  exception 
of  certain  standard  apparatus  including  machines,  in- 
struments, rheostats,  etc.,  constructed  by  the  students, 
thereby  affording  not  only  valuable  practical  experi- 
ence for  the  students,  but  also  gi-eatly  decreasing  the 
outlay  necessary  for  the  purchase  of  the  eriuipment. 
This  design  and  construction  work  is  of  great  ad- 
vantage to  the  students  and  is  conducted  under  the 
systematic  supei-vision  of  an  insti-uctor.  Thus  the 
student  contributes  to  the  provision  of  the  facilities 
that  enable  him  at  another  time  to  concentrate  his 
attention  upon  the  technical  problems  of  the  exx)eri- 
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meuts  with  the  net  result  that  all  of  the  time  allotted 
to  laboratory  work  is  eifectively  employed  to  secure 
the  greatest  possible  benefit  to  the  student. 
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BY    IRA    O.    BAKER, 
Pn>fessoT  of  Civil  Engineerii^,  University  of  Illinois. 

In  the  fifteen  volumes  of  the  Proceedings  of  this 
society  there  seems  to  be  nothing  relating  to  the 
equipment  of  a  cement  laboratory  or  to  instrnetion 
in  testing  cement.  That  this  hiatus  may  no  longer 
exist,   the   author   proiK)ses    to   descril^e    the    cement 
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Fig.  1. 

lalwratory  of  the  University  of  Illinois  and  the  prac- 
tice therein. 

The   lalx)ratory    at    present    nominally    occupies    a 
room  28  by  39  feet,  although  some  of  the  apparatus 

(216) 
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is  placed  in  an  adjoining  room  which  is  cliiefiy  de- 
voted to  tlie  testing  of  road-building  and  paving  ma- 
.terials.  In  the  past  the  laboratory  has  changed 
location  several  times,  depending  upon  the  growth  in 
number  of  students  in  this  and  other  subjects,  and 
this  migration  and  the  progressive  growth  of  the 
laboratory  have  materially  affected  the  character  of 
the  present  equipment.  Fig.  1,  page  216,  shows  the 
floor  plan  of  the  present  laboratory. 

The    Equipment. 

The  cement  is  stored  in  galvanized  iron  cans  hold- 
ing a  l)arrel.  These  cans  are  an  outgrowth  of  the 
time  wdien  the  laboratory  ^vas  small  and  known  to 
occupy  quarters  only  temporarily.  Such  cans  are 
satisfactory,  except  that  they  are  more  expensive  in 
first  cost  and  occupy  more  floor  space  than  wooden 
bins  built  in  sections.  One  half  of  the  cover  of  the 
can  is  hinged  about  a  diameter,  and  upon  the  fixed 
half  is  a  rest  such  that  the  lid  can  not  be  left  open. 
There  are  twenty-five  cans  for  cement  and  five  cans 
for  sand.  Each  can  is  numbered  and  a  description  of 
the  contents  of  each  is  stenciled  on  its  side.  The 
cans  containing  porthind  cement  are  numbered  from 
1  to  19,  natural  cement  from  21  to  29,  and  puzzolan 
from  31  to  39.  These  numbers  are  used  in  assigning 
the  experiments  (see  Table  IT.,  page  233).  A  new 
supply  of  cement  is  obtained  each  fall  preceding  the 
beginning  of  instruction  in  the  laboratory.  Ottawa 
standard  sand,  German  standard  sand,  standard 
crushed  quartz,  and  two  grades  of  building  sand  are 
kept  on  hand— in  cans  numbered  41,  42,  etc. 

Fig.  2,  page  218,  shows  the  slate-top  desk  used  by 
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.Fig. 


student?.  There  are  twelve  such  double  desks,  each 
contaming  twelve  individual  lockers;  and  thus  the 
la)x)ratoi'y  can  accommodate  six  sections  of  twenty- 
four  students  each,  and  give  each  man  a  desk  and  a 
private  locker.  Each  locker  contains  a  250-c.c,  grad- 
uated glass  cylinder,  an  aluminum  beaker,  a  granite 
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basin,  and  a  trowel.  The  locker  is  large  enough  to 
permit  the  student  to  store  therein  an  apron  or  over- 
alls and  jacket.  The  lockers  are  prominently  num- 
bered for  convenience  in  assigning  the  same. 

At  one  end  of  the  room  is  a  series  of  six  lockers 
in  which  the  students  may  hang  their  coats  and  over- 
coats, with  a  shelf  upon  which  to  lay  hats  and  books. 
Adjoining  these  lockers  are  racks  in  which  are  placed 
galvanized  pans  to  be  used  in  the  experiments  for 
storing  pats  in  air  or  under  water,  for  storing  bri- 
(piettes,  etc.  x\t  the  opposite  end  of  the  room  are  six 
lockers  for  instructors'  clothing  and  special  appa- 
ratus. Another  case  of  sixteen  lockers  contains  the 
apparatus  used  in  the  experiments  referred  to  later. 
At  one  side  of  the  room  is  a  soap-stone  moist  closet, 
a  sink,  and  three  lead-lined  immersion  tanks.  Water 
is  admitted  at  the  bottom  of  the  immersion  tanks  and 
flows  out  at  the  top,  a  slow  current  being  maintained 
through  the  tank  all  the  time.  For  convenience  in 
storing  briquettes  in  the  immersion  tanks,  galvanized 
racks  are  provided  having  five  shelves  holding  ten 
briquettes  each. 

The  laboratory  has  six  briquette-testing  machines 
—Fairbanks'  latest,  Richie's  latest,  the  Faukeneau- 
Sinclair  form,  and  an  antiquated  form  each  by  Fair- 
banks, "Riehle  and  Olsen.  The  laboratory  has  a 
single-hammer  Boehme  hand  apparatus  made  in  Ger- 
many, and  a  double-hammer  power  machine  made  by 
a  local  machinist.  The  latter  is  so  arranged  that  it 
may  be  set  for  any  number  of  blows,  and  when  that 
number  has  been  reached  the  machine  will  throw 
itself  out  of  gear.  In  several  .particulars  this  ma- 
chine   is    more    satisfactory    than    the    imported    one. 
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There  is  also  an  Olsen  press  briquette-molding  ma- 
chine. 

The  laboratory  has  the  following  briquette  molds: 
fifty  individual  molds  fitted  to  both  the  Boelmie 
machines  and  also  to  the  Olsen  press,  twelve  three- 
gang  molds,  eight  six-gang  molds,  one  twenty-gang 
mold  and  three  thirty-gang  molds.  The  two  latter 
kinds  were  ordered  several  years  ago  of  a  local  ma- 
chinist because  they  were  much  cheaper  than  smaller 
gangs  could  be  obtained  elsewhere.  The  thirty-gang 
mold  consists  of  six  rows  of  five  briquettes  each. 
The  molds  are  held  together  by  a  rod  resting  in  a 
slot  in  the  end  of  each  section.  The  sections  of  the 
twenty  and  the  thiity-gangs  are  interchangable.  and 
rods  are  provided  so  that  the  molds  may  be  used  in 
gangs  of  five  each,  or  in  any  multiple  of  five.  Of 
course,  individual  molds  or  a  small  gang  are  prefer- 
able to  so  large  a  gang;  but  at  the  time  they  were 
ordered,  it  was  believed  that  such  a  gang  was  the 
best  that  could  be  obtained  for  the  money  available. 

In  addition  to  the  above  apparatus,  the  laboratory 
has  that  referred  to  incidentally  in  connection  with 
the  problems  to  1)e  described  later. 

The  Practice. 
The  students  have  one  two-hour  laboratoiy  period 
per  week  for  ten  weeks,  and  each  perfonns  ten  ex- 
periments. The  work  is  given  in  connection  with  the 
study  of  masonry  construction;  and  is  regularly  taken 
by  students  in  the  courses  of  architectural  engineer- 
ing, civil  engineering,  and  municipal  and  sanitaiy 
engineering,  and  occasionally  by  students  in  other 
engineering  courses.     A  week  preceding  the  first  lab- 
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oratory  period  each  man  is  giveu  five  printed  sheets 
eontainiug:  certain  general  instructions  and  a  detailed 
explanation  of  each  experiment.  Below  is  a  copy  of 
these  instructions  and  explanations;  and  following 
are  some  comments  thereon. 

(texeral  Instructions. 

The  problems  are  fully  described  on  the  accompanying 
sheets:  and  these  instructions  should  be  carefully  studied  be- 
fore coming  to  the  laboratorA*. 

In  each  case  the  brand  of  cement  to  be  used  is  announced 
on  the  bulletin  board  in  the  laboratory  [see  Table  II.].  Ow- 
ing to  lack  of  space,  the  cements  are  designated  on  the  bulletin 
lx)ard  by  number  only,  but  in  the  reports  always  designate 
the  cements  by  name.  Take  no  more  cement  from  the  can 
than  is  thought  to  be  just  enough  for  the  experiment :  and 
if  any  remains  after  completing  the  experiment  do  not 
attempt  to  return  it  to  the  original  can.  but  put  it  into  the 
can  marked  '"waste  cement." 

At  the  close  of  the  laboratory  period  put  all  individual 
apparatus  into  your  locker,  and  leave  all  general  apparatus 
clean  and  neatly  placed  on  the  desk. 

The  data  and  results,  together  with  the  necessary  computa- 
tions and  explanation,  are  to  be  reported  on  eight  and 
one-quarter  by  ten  and  three-quarter  inch  coordinate  paper. 
ruled  in  tenths  of  inches  and  having  a  half  inch  unruled 
margin  on  three  sides  and  three-quarter  inch  margin  on  the 
left-hand  side.  Put  only  one  problem  upon  a  sheet,  and  use 
only  one  sheet  for  a  problem.  Each  report  should  show  the 
number  and  title  of  the  problem,  the  name  of  the  student 
presenting  the  report,  and  the  data  called  for  in  the  statement 
of  the  problem. 

The  student  is  urged  to  take  great  pains  to  present  the 
report  in  a  neat  form  and  to  make  all  remarks  terse,  precise 
and  complete.  The  preparation  of  the  report  is  an  important 
part  of  the  work.  The  ability  to  make  a  report  in  which  th.» 
data  and  results  are  clearly  set  forth  in  their  proper  order 
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comes  onlj-  by  careful  attention,  and  is  well  worth  striring  for. 
The  report  should  be  submitted  within  three  days  after  the 
problem  is  completed:  and  if  so  received,  the  rejwrt  will  be 
examined  and  returned  before  the  succeeding  laboratory  ex- 
ercise. Unless  the  rteport  is  presented  by  the  fifth  day,  the 
student  will  not  be  permitted  to  take  the  next  problem  in 
the  laboratory.  All  the  reports  are  to  be  submitted  at  the 
final  term  examination. 

Problem  Oxe.     Fixexess  of  Ce31ext. 

1.  Sift  the  sample  of  portland  cement  through  a  No.  fifty 
sieve  to  remove  any  lumps :  and  weigh  out  either  one  hundred 
grams  on  the  ordinary  metric  balance  or  one  thousand  units 
on  the  Riehle  scale  for  testing  the  fineness  of  cement — pref- 
erably the  latter.  For  accurate  results  the  cement  should 
be  artificially  dried,  but  that  is  impracticable  in  this  case. 
Place  the  weighed  portion  on  the  Xo.  two  hundred  sieve  and 
attach  the  pan  and  the  cover.  Hold  the  sieve  in  one  hand  in 
a  slightly  inclined  position,  and  move  it  back  and  forth,  at 
the  same  time  striking  the  side  of  it  gentiy  with  the  palm  of 
the  other  hand,  at  the  rate  of  about  two  hundred  strokes  per 
minute.  Continue  this  operation  until  not  more  than  one 
tenth  of  one  per  cent,  passes  through  after  one  minute  of  con- 
tinuous shaking.  Weigh  the  portion  left  in  the  sieve  and  also 
that  passing  the  sieve.  Place  the  former  upon  the  Xo.  one 
hundred  sieve,  and  repeat  the  above  operations.  Be  careful 
not  to  injure  the  meshes  of  the  sieves,  particularly  the  No. 
two  hundrted,  by  rough  handling. 

Repeat  the  preceding  operation  for  one  other  brand  of 
Portland  and  one  of  natural  cement. 

2.  Tabulate  the  results  to  show  the  per  cent,  remaining 
upon  each  sieve  and  the  per  cent,  passing  the  Xo.  two  hun- 
dred.    Show  also  the  per  cent,  of  error  for  each  cement. 
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Problem  Two.     Weight  of  Cement. 

1.  Determine  the  weight  per  cubic  foot  of  one  sample  of 
Portland  and  one  of  natural  cement,  by  sifting  each  into  the 
standard  measuring  box.     Pleasure  the  size  of  the  box. 

2.  Report  the  capacity  of  the  box.  Compute  and  tabulate 
the  weights  in  pounds  per  bushel  and  also  in  pounds  per  cubic 
foot. 

What  are  the  chief  sources  of  error  in  this  problem  .'  What 
is  the  estimated  error  of  your  results .' 

Problem   Three.     Specific  Gravity. 

• 

The  only  value  of  determining  the  specific  gravity  of  a  ce- 
ment is  as  a  test  for  adulteration :  but  it  is  not  very  valuable 
for  that  purpose  owing  to  the  delicacy  of  the  experiment  and 
also  to  the  fact  that  the  adulterant  may  have  the  same  specific 
gravity  as  the  cement.  However,  as  the  determination  of 
the  specific  gravity  is  frequently  required,  it  is  here  included. 
Frequently  the  test  is  made  with  undried  cement :  but  this 
is  inaccurate,  as  cement  long  exposed  to  the  air  absorbs 
moisture. 

Determine  the  specific  gra\ity  of  an  artficially  dried 
sample  and  of  an  undried  sample.  /.  (.,  of  a  sample  directly 
froni  the  can.  The  specifications  of  the  United  States  Army 
engineers  require  that  the  cement  shall  be  exposed  on  a  metal 
plate  to  a  temperature  of  212°  F.  for  twenty  minutes:  but 
no  harm  will  result  if  the  temperature  is  considerably  higher 
than  212°  F..  and  therefore  the  cement  may  he  dried  on  a 
metal  plate  over  a  small  Bunsen  burner. 

While  the  sample  is  dr^^ing,  determine  the  specific  gravity  of 
the  undried  sample.  For  accurate  results  the  specific  gravity 
tlask  should  be  immersed  in  water  to  prevent  changes  of  tem- 
perature while  making  the  test :  but  it  is  impracticable  to 
do  so  in  this  ca:se.  The  laboratory  attendant  will  see  that  the 
benzine  and  flasks  are  placed  upon  the  desk  in  sufficient  time 
to  have  attained  the  temperature  of  the  air  at  the  beginning 
■  of  the  experiment.  Be  careful  not  to  touch  the  body  of 
the  flask  with  the  fingers  any  more  than  is  absolutely  neoes.sary. 

1.  The  specific  gravity  may  be  determined  eitlier  with  La 


224:  CEME>*T     L-VBOBATORY     PRACTICE. 

Chatelier's  or  Schumann's  apparatus.  (1)  La  Chatelier's 
apparatus  has  a  large  bulb  at  the  bottom  and  a  smaller  one 
about  midway  up  the  .stem.  The  volume  from  the,  mark  be- 
low the  bulb  to  that  above  the  bulb  is  twenty  cubic  centi- 
meters. (2)  Schumann's  apparatus  consists  of  two  parts, 
a  bulb  and  a  graduated  tube,  the  latter  fitting  into  the  former. 
]Moisten  the  surfaces  of  contact,  and  fit  the  tube  into  the 
bulb  so  that  the  joint  will  not  leak.  The  method  of  gradua- 
tion is  apparent  by  inspection. 

The  specific  gravitA"  may  be  determined  with  either  appar- 
atus in  either  of  two  ways.  viz. :  {a)  by  finding  the  volmne  for 
a  given  weight:  or.  (6)  by  finding  the  weight  of  a  given 
volume. 

(a)  Carefully  weigh  out.  say.  65  grams  of  undried  portland 
cement.  Fill  the  apparatu.>  with  benzine  to  the  zero  mark 
of  the  graduation.  Gradually  introduce  a  part  of  the  cement 
into  the  apparatus  by  means  of  a  long-stem  funnel.  Proceed 
slowly  so  that  the  contained  air  may  escape,  and  be  careful 
that  the  cement  does  not  come  in  contact  with  the  interior 
surface  of  the  tube.  When  the  surface  of  the  benzine  has 
risen  to.  say.  the  twenty  c.c.  mark,  remove  the  funnel  and 
weight  the  remaining  portion  of  the  cement.  Divide  the 
weight  of  cement  introduced  by  twentj-.  and  the  result  will 
be  the  specific  gravity  of  the  cement. 

(b)  Introduce  the  remainder  of  the  cement,  and  read  the 
height  of  the  benzine  on  the  scale.  This  reading  is  the  volume 
in  cubic  centimeters  of  the  cement  introduced.  The  weight 
of  the  cement  in  grams  divided  by  its  volimie  in  cubic  centi- 
metei-s  gives  it  si)ecific  gravity. 

In  emptying  the  apparatus,  decant  off  the  benzine  into  the 
bottle  marked  '"used  benzine."  and  then  clean  the  apparatus 
by  washing  with  water.  Next  shake  out  as  much  of  the 
water  as  possible:  and  finally  wash  out  the  remaining  water 
with  benzine,  heimg  canfid  to  ihrow  this  hetizine  into  the  sink 
or  stone  waste-jar.  Be  careful  not  to  break  the  apparatus, 
as  it  cost  $4.50.* 

[*  This  is  the  amount  we  really  paid,  but  we  have  since  learned 
where  we  can  get  the  apparatus  for  just  half  this  sum.] 
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Kemove  the  sample  of  portland  cement  from  over  the 
Bunsen  burner  and  set  it  aside  to  cool.  Put  a  sample  of 
natural  cement  to  dry,  and  proceed  to  determine  the  specific 
gravity  of  an  undried  sample  of  natural  cement.  Next  deter- 
mine the  specific  gravity  of  the  dried  samples  of  portland  and 
natural  cement.  Be  very  careful  that  the  artificially  dried 
sample  is  cooled  to  the  temperature  of  the  atmosphere  before 
using  it. 

2.  Report  the  results  and  state  the  apparatus  used.  What 
is  the  estimated  error  of  your  results  ?  What  difficulties  were 
encountered  ?  What  precautions  should  be  taken  ?  Does  the 
specific  gravity  of  the  liquid  employed  affect  the  result? 
Could  water  be  used?  Alcohol?  Turpentine?  Kerosene? 
Gasoline  ? 

Problem  Four.     Soundness. 

1.  Make  two  pats  of  neat  portland  cement  and  one  of 
natural  cement,  having  a  diameter  of  two  or  three  inches,  a 
thickness  at  the  center  of  about  a  quarter  of  an  inch,  and  thin 
edges.  Mold  the  pats  on  a  sheet  of  glass,  and  cover  with  a 
wet  cloth,  or  better,  place  in  the  moist  chamber.  When  set 
hard,  place  one  cake  in  water,  and  allow  the  other  to  harden 
in  the  air.  (If  the  pats  have  not  set  hard  at  the  end  of  the 
laboratory  period,  the  assistant  in  charge  of  the  laboratory- 
will  on  the  morning  following  place  one  pat  in  the  air  and  one 
in  water.)  Record  the  interval  between  mixing  and  im- 
mersing. 

2.  On  returning  to  the  laboratory  for  the  next  and  several 
successive  exercises,  carefully  examine  the  pats;  and  note 
whether  any  blotches  appear,  the  character  and  significance 
of  any  cracks  that  appear,  whether  the  edges  curl  up,  and 
the  time  when  the  pat  loosens  from  the  glass.  Any  unusual 
result  should  be  a  subject  for  conference  with  the  instructor. 
Finally  submit  a  written  report. 

Problem  Five.     Norm.vl  Consistency — Boulogne  Method. 
1.  Determine  by  experiment  the  proper  per  cent,  of  water 
to  be  used  in  mixing  neat-cement  plastic  mortar  for  experi- 
mental purposes. 
(19) 
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2.  ^Veigh  out,  say,  200  grams  of  portland  cement  and  add 
the  estimated  amount  of  water  (see  data  in  See.  10-i,  page  70, 
of  the  text -book).  Work  the  mortar  thoroughly  and  vigor- 
ously \rith  a  trowel  on  the  slate  table  from  three  to  five 
minutes.  The  inexperienced  operator  is  very  likely  to  use 
too  much  water  and  too  little  labor.  To  determine  whether 
the  mortar  is  of  the  proper  consistency,  apply  the  four  tests 
mentioned  in  See.  103,  page  70,  of  the  text-book.  If  the  paste 
is  too  dry  and  has  not  begun  to  set.  add  more  water  and 
repeat  the  tests;  but  to  check  the  result,  finally  weigh  out  a 
new  portion  of  cement  and  repeat  the  experiment. 

Repeat  the  preceding  operations  with  another  portland 
cement  and  one  natural  cement. 

How  definitely  can  the  proper  proportion  of  water  be  de- 
termined, i.  e.,  what  is  the  estimated  probable  error  of  each 
experiment  ? 

3.  Tabulate  the  results  and  state  the  estimated  error. 

Problem  Six.  Xormal  Consistency — Tetmajer  ^Method. 
1.  Weigh  out  500  grams  of  the  portland  cement  used  in 
problem  five  and  mix  paste  of  the  supposed  proper  consistency, 
noting  the  per  cent,  of  water  used.  Form  the  paste  into  a 
ball  with  the  hands,  and  complete  the  operation  by  tossing 
it  six  times  from  one  hand  to  the  other,  maintained  six  inches 
apart.  Then  press  the  ball  into  the  ring  of  the  Vicat  appa- 
ratus through  the  larger  opening,  and  smooth  off  the  surface 
with  a  trowel ;  place  the  ring  on  its  large  end  on  a  glass  plate, 
and  smooth  off  the  smaller  end  with  a  trowel.  Place  the 
glass  plate,  the  ring,  and  the  mortar  in  the  Vicat  apparatus. 
Pla«e  the  piston  (diameter  equals  one  centimeter  or  0.4 
inches)  in  the  lower  end  of  the  sliding  rod,  and  see  that  the 
cap  marked  "piston"  is  on  the  upper  end  of  the  sliding  rod. 
Allow  the  piston  to  rest  upon  the  surface  of  the  mortar  and 
read  the  scale;  and  then  suddenly  release  the  plunger  and 
allow  the  piston  to  descend  of  its  own  weight.  The  mortar 
is  of  the  proper  consistency  if  the  piston  penetrates  ten 
millimeters  below  the  top  of  the  mortar.  (The  scale  is 
divided  to  millimeters.) 
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The  penetration  stated  above  is  that  required  by  the  report 
of  the  committee  of  the  American  Society  of  Civil  Engineers ; 
but  Tetmajer  himself  requires  a  plasticity  such  that  the  piston 
shall  penetrate  to  within  six  millimeters  of  the  bottom  of  the 
glass.  What  is  the  difference  in  the  quantity  of  water  re- 
quired ? 

Repeat  the  above  operation  with  another  portland  and  a 
natural  cement. 

Eecord  the  results  and  conclusions  to  be  derived  from  this 
experiment.  Compare  these  results  for  plasticity  with  those 
obtained  by  the  Boulogne  method — problem  five. 

Problem  Seven.     Test  of  Activity. 

1.  Weigh  out  500  grams  of  portland  cement.  For  the 
approximate  quantity  of  water  required,  see  Sec.  104,  page  70, 
of  text-book;  and  for  the  exact  quantity  see  the  results  of 
problems  five  and  six.  Mix  a  plastic  mortar  using  water  of 
from  about  65°  F.  (19°  C.)  to  70°  F.  (21°  C).  Record  the 
temperature  of  both  the  air  and  water,  and  the  time  of  add- 
ing the  water.  Make  two  pats  upon  separate  sheets  of  glass. 
Place  one  of  the  pats  in  water  having  a  temperature  of  65°  to 
70°  F.,  and  allow  the  other  to  remain  in  the  air.  Note  the 
time  respectively  when  the  two  Gilmore  wires  are  supported 
by  each  of  these  pats. 

Using  the  same  cement  as  above,  fill  the  vulcanite  ring 
(large  end  up)  of  the  Vicat  apparatus  with  plastic  mortar 
and  carefully  smooth  off  the  top.  Place  the  needle  in  the 
lower  end  of  the  plunger,  and  the  cap  marked  "Nadal"  on 
the  upper  end.  See  that  the  bearings  of  the  plunger  are 
well  oiled  and  that  it  moves  freely;  and  see  also  that  the 
needle  is  clean.  Note  the  instant  when  the  needle  ceases 
completely  to  penetrate  the  mass  and  note  also  the  time  when 
the  needle  is  just  supported.  The  scale  on  the  front  of  the 
apparatus  will  aid  in  determining  the  instant  of  initial  and 
of  hard  set. 

Repeat  both  operations  as  above  with  another  portland  and 
with  one  natural  cement. 

Empty  the  rings  and  clean  the  apparatus  before  leaving. 
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2.  Tabulate  the  results,  and  give  the  interval  for  the  Gil- 
more  test  and  also  for  the  Yicat  test,  elapsing  from  adding 
the  water  until  initial  set,  and  also  until  hard  set.  State 
your  estimate  of  the  probable  error  of  the  several  intervals. 

Problem  Eight.     Tensile  Strength — Plastic  and  Dry 

2kl0RTARS. 

1.  Use  the  gang  molds.  Before  beginning  the  experiment, 
clean  the  molds  and  rub  the  surface  which  will  come  in  con- 
tact with  the  briquette  with  an  oilv  rag.  and  also  slightly 
(but  only  slightly)  oil  the  top  of  the  slate  slab  where  the  gang 
molds  are  to  be  placed. 

Mold  five  briquettes  each  of  neat  plastic  and  drj^  portland 
cement  mortar,  and  also  the  same  of  natural  cement.  Use  the 
same  cements  as  in  problems  five  and  six.  For  the  per  cent. 
of  water  required  to  produce  a  plastic  mortar,  see  the  results 
of  problems  five  and  six,  or  Sec.  104.  page  70,  of  the  text-book; 
and  for  a  dry  neat  mortar  use  16  to  18  per  cent,  for  port- 
land,  and  24  to  26  per  cent,  for  natural  cement.  Record  the 
per  cent,  of  water  used,  and  the  interval  elapsing  from  the 
time  of  adding  the  water  until  the  first  and  the  last  briquettes 
are  molded.  (The  last  is  recorded  to  show  whether  or  not 
initial  set  had  taken  place  before  the  last  briquette  was 
molded.)  Cover  the  briquettes  with  several  thicknesses  of 
damp  cloth  and  place  the  metal  cover  over  all. 

After  about  twenty  hours  the  attendant  in  charge  of  the 
laboratory  will  place  the  briquettes  in  water. 

Break  the  briquettes  when  seven  days  old. 

2.  Determine  the  tensile  strength  with  a  cement-testing 
machine.  Be  careful  about  centering  the  briquettes  in  the 
machine.  Notice  how  the  grips  fit  the  briquettes — any  de- 
fect? Note  the  approximate  average  time  of  appMng  the 
stress.  Tabulate  the  results  so  as  to  show  the  strength  of 
each  briquette,  and  the  mean  for  each  brand  and  also  its 
probable  error.      State  the  testing  machine  used. 
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Problem  Nine.     Tensile  Strength  of  Dry  Mortar — 
Different  ]\Iethods  of  Machine  Molding. 

1.  Use  the  individual  molds.  Clean  the  molds  and  oil  the 
part  that  will  come  in  contact  with  the  briquette.  Use  port- 
land  cement  and  ordinary  building  sand;  arid  mix  a  "dry" 
l-to-3  mortar.  For  the  per  cent,  of  water  required  to  pro- 
duce a  "dr}-"  sand  mortar,  see  Sec.  105,  page  71,  of  the  text- 
book. Make  five  briquettes  by  hand,  five  with  the  Boehme- 
apparatus,  and  five  with  the  Olsen  press.  "Weigh  out  170 
grams  of  mortar  for  each  machine-molded  briquette. 

Keeord  the  per  cent,  of  water  used,  and  the  interval  from 
adding  the  water  until  (1)  beginning  to  mold  the  first 
briquette,  and  (2)  the  completion  of  molding  the  last  briquette. 
(The  last  is  useful  only  to  show  whether  or  not  initial  set  took 
place  before  the  last  briquette  was  molded.) 

Store  the  briquettes  without  removing  from  the  molds,  in 
the  moist  closet  or  under  a  damp  cloth  in  a  clean  bottomed 
tray.  "When  about  twenty  hours  old  the  attendant  will  re- 
move the  molds,  and  place  the  briquettes  in  water. 

Break  the  briquettes  when  seven  days  old. 

2.  Report  all  the  facts,  and  show  the  mean  for  each  method 
of  molding,  and  also  the  probable  error  of  each  mean. 
Specially  mention  any  significant  fact  connected  with  the 
experiment.      State  the  testing  machine  used. 

Problem   Tex.     Tensile  Strength  of  Dry  ]\Iortar — 
Different  ^Methods  of  Hand  Molding. 

1.  Use  the  gang  molds,  and  in  filling  them  be  careful  not 
to  damage  the  edges.  Oil  the  surface  of  the  molds  which 
will  come  in  contact  with  the  briquette,  and  also  slightly  oil 
the  top  of  the  slate  slab  where  the  gang  molds  are  to  be  placed. 
Use  "dry"  neat  portland  cement  mortar  (for  the  amount  of 
water  required  see  statement  of  problem  eight),  and  make 
from  a  single  mixing  five  briquettes  in  each  of  the  following 
ways:  (1)  by  filling  the  mold  and  then  pressing  the  mortar 
into  place  with  the  thumbs;  (2)  by  filling  the  mold  partially 
and  pressing  the  mortar  into  place  with  the  thumbs  after 
adding  each  increment  of  mortar;   (3)  by  ramming  with  an 
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oak  rammer  having  a  cross  section  of  about  f "  X  f "  and  be- 
ing abont  12  inches  long;  (4)  by  ramming  with  a  half -inch 
round  iron  rod  one  foot  long;  and  (5)  by  using  any  other 
method  of  ramming  that  may  suggest  itself  to  the  experi- 
menter. 

Becord  aJl  significant  facts  observed  during  the  experiment. 

Cover  the  briquettes  with  a  damp  cloth  and  the  metal  cover, 
and  when  about  twenty  hours  old  the  attendant  will  place 
them  under  water. 

Break  the  briquette  when  seven  days  old- 

2.  Eeport  all  facts,  and  show  the  strength  of  each  briquette 
and  the  mean  for  each  m^ethod  of  molding  and  also  the  prob- 
able error  of  each  mean.     State  the  testing  machine  used. 

Xo  forms  for  repoiting  the  results  are  prescribed 
and  no  samples  are  posted.  It  is  believed  that  stu- 
dents should  leam  to  design  the  forms  in  which  they 
report  their  work.  In  level  notes  or  the  notes  of  a 
railroad  snivey  it  is  necessary  to  instrnct  the  stn- 
dent  to  record  his  results  in  standard  forms,  since 
his  record  is  likely  to  be  used  by  others;  bnt  that 
reason  does  not  apply  to  the  records  of  the  kind  of 
work  mider  consideration  here.  The  reports  are 
severely  criticized,  and  if  necessary  returned  for  cor- 
rection or  rewriting.  Attention  is  paid  to  the  placing 
of  the  work  upon  the  page,  to  the  general  typographic 
form,  to  tiie  arrangement  of  the  table,  to  the  brevity 
and  clearness  of  the  exi^lanations,  to  whether  certain 
data  shonld  be  included  in  the  tables  or  in  the  accom- 
panying explanations,  etc.  Between  the  first  and 
second  laboratory  periods  selected  reports  are  taken 
before  tiie  class  and  commented  npon  to  acquaint  the 
student  with  what  is  considered  good  or  bad  form. 
The  qnality  of  the  reports  rapidly  improves  as  the 
work  progresses. 
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TABLE    I. 

ASSIGXMEXT   OF   PROBLEMS. 

Sec.  E.     Thursday,  10-12  a.  m. 


Laboratory  Period. 

1 

2 

3 

4 

5 

6 

7 

9m 

8 

9 

10 

301  Bear,  A.  L. 

302  Brown,  H.  C. 

303  Burch,  G.  F. 

1 

3 

5,4 

6 

8m 

7,8b 

9b,  2 

10m 

10b 

304  Burrough,  W.  G. 
30-5  Campbell,  S.  C. 
306  Gonnerman,  H.  F. 

3 

5,4 

6 

8m 

7,8b 

9m 

9b,2 

10m 

10b 

1 

307  Grubel,  E.  A. 
30S  Heanev,  A.  X. 
309  Howser,  T.  E. 

5,4 

6 

8m 

7,8b 

9m 

9b,  2 

10m 

10b 

1 

3 

311  Hudson,  H.  H. 

312  Long,  J.  A. 

313  McCoy,  M.  H. 

5,4 

8m 

7,8b 

9m 

9b,  2 

10m 

10b 

1 

8 

6 

314  Pierce,  R.  C 

315  Slavmaker,  C.  M. 

316  Smith,  C.  H. 

8m,  4 

8b,  7 

9m 

9b,  2 

10m 

10b 

1 

3 

6 

5 

317  Stinson,  S.  A. 
31S  Warner,  J.  M. 
319  Webber,  E.  A. 

5,4 

9m 

9b,  2 

10m 

10b 

1 

3 

6 

8m 

7,8b 

321  Ziesing  H.  H. 

322 

323 

9b,  2 

5,4 

10m 

10b 

1 

3 

6 

8m 

7,8b 

9m 

It  will  be  noticed  that  most  of  the  problems  require 
tests  of  both  portland  and  natural  cement.  The  state- 
ments of  the  problems  have  been  in  use  for  several 
years  practically  without  revision,  and  when  the 
statements  were  first  prepared  natural  cement  was 
relatively  more  important  than  now,  particularly  in 
the  North  Central  States.  Possibly  the  time  has  ar- 
rived when  the  student's  attention  should  be  concen- 
trated to  a  greater  degree  upon  portland  cement;  but 
even  yet  a  knowledge  of  the  comparative  qualities  of 
natural  cement  is  valuable. 

Table    I.    is    a    sample   of   the    sheet   showing    the 
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assignment  of  problems.  The  numbers  in  the  body 
of  the  table  refer  to  the  problems  described  above. 
The  suffix  (m)  means  mold,  and  the  snffix  {h)  means 
break;  for  example,  S^n  means  mold  the  briquettes 
called  for  in  problem  eight.  The  reference  num- 
bers in  the  left-hand  column  are  the  numbers  of 
the  galvanized  pans  referred  to  previously.  One 
third  of  them  are  numbered  101,  102,  etc.,  and  one- 
third  201,  202,  etc.,  and  one-third  301,  302,  etc.,  the 
first  figure  indicating  the  section  in  which  a  par- 
ticular pan  is  used,  and  the  last  designating  the  in- 
dividual student  using  the  pan.  This  may  seem  very 
elementally,  but  when  a  laboratory  is  used  by  60  to 
75  students  per  vreek  considerable  system  is  required 
to  prevent  confusion  and  loss  of  time  by  both  student 
and  instructor.  A  copy  of  the  assignment  is  posted 
in  the  recitation  room  and  also  in  the  laboratory. 
Notice  that  three  students  perform  the  same  experi- 
ment the  same  day.  It  would  be  ideal  if  each  student 
could  perform  the  experiments  in  numerical  order, 
but  this  is  not  possible  without  having  as  many  com- 
plete sets  of  apparatus  as  there  are  students  in  a 
section— an  unjustifiable  expense.  The  arrange- 
ment shown  in  Table  I.  is  reasonably  satisfactory, 
since  it  permits  the  student  to  take  the  experiments 
in  a  rational  order,  even  if  it  is  not  the  best  order. 
Without  increasing  the  sets  of  apparatus,  the  scheme 
shown  in  Table  I.  could  readily  be  extended  to  in- 
clude ten  groups  of  three  students  each. 

Table  11.,  page  233,  shows  the  assignment  of  the 
cements  to  be  used  by  each  student  in  each  experi- 
ment. The  assignment  of  the  cement  prevents  the 
student's    coming    to    the    instructor    to    ask    which 
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TABLE    IL 

Assignment  of  Cements  to  be  Used. 

Sec.  E.     Thursday,  10-12  a.  m. 


Kef. 

Number  of  the  Problem. 

Student. 

No. 

1 

J_ 

3 

4 

5 

6 
24 

6 

7 

8 

9 

7 

10 

301 
302 
303 

Bear,  A.  L. 
Brown,  H.  C. 
Burch,  G.  F. 

1,2, 
21 

14,  15, 
23,  24 

11 

304 

Burrough,  W.  G. 

3,4, 
22 

1,2, 
24,25 

7 
23 

305 
306 

Campbell,  S.  C. 
Gonnerman,  H.  F. 

8 

12 

307 

Grubel.  E.  A. 

4,5, 
23 

3,4, 
22,  23 

1 
21 

308 
309 

Heanv,  A.  N. 
Howser,  T.  K. 

s 

a 

id 
1 

lO" 

a 

JO 

a 

JO 

9 

13 

2 

2 

3 

IB 

3 

311 
312 

Hudson,  H.  H. 
Long,  J.  A. 

6,7, 
24 

2 

4,5, 
24,  25 

o 

2 
22 

1 

s 

2 

10 

14 

313 

McCoy,  M.  H. 

00 

C8 

el 

S 

i 

S 

«> 

<» 

« 

V 

» 

314 

Pierce,  K.  C. 

8,9. 
25 

s 

6,7, 
21,  22 

a 

4 

a 

a 

315 
316 

Slavmaker,  C.  M. 
Smith,  C.  H. 

a 

03 

GO 

OQ 

e3 
CQ 

es 
OQ 

11 

15 

317 
318 
319 

Stinson,  S.  A. 
Warner,  J.  M. 
Webber,  E.  A. 

10,  11, 
21 

8,9, 
23,  24 

4 
24 

12 

16 

321 
322 
323 

Ziesing,  H.  H. 

12,  13, 
22 

10,  11, 
21,  25 

5 
25 

23 

17 

cement  to  use,  prevents  the  excessive  use  of  the  barrel 
most  easy  of  access,  acquaints  the  student  with  a 
wider  range  of  brands,  and  secures  a  proper  sequence 
in  problems  5,  6  and  8.  Some  years  the  cements  have 
been  assigned  by  giving  a  student  the  same  cements 
in  all  of  his  experiments.  There  are  some  advan- 
tages in  each  of  these  two  methods  of  assignment. 

The  special  apparatus  required  for  the  problem  of 
the  day  is  placed  upon  the  student's  desk  by  the 
laboratory  attendant  before  the  beginning  of  the 
class  exercise.  This  saves  the  student's  time  and 
prevents  the  confusion  that  would  result  if  each  stu- 
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dent  came  to  the  storage  locker  for  his  apparatus. 
The  attendant  has  a  copy  of  Table  I.  from  T^hich  he 
can  rea<iily  determine  the  problem  any  student  is  to 
have  each  day  and  also  the  number  of  his  locker  and 
of  his  desk;  and  therefore  the  placing  of  the  appara- 
tus does  not  require  much  of  the  attendant's  time, 
and  the  benefit  abundantly  justifies  the  expense. 

The  attempt  was  formerly  made  to  have  each  stu- 
dent leave  all  apparatus  clean,  but  after  a  little  ex- 
perience it  was  found  to  be  better  for  several  reasons 
to  permit  a  student  to  leave  the  apparatus  dirty  and 
require  his  successor  to  clean  it  before  using  it. 

It  will  be  noticed  that  the  cement  paste  is  to  be 
mixed  with  a  trowel  on  the  slate  desk  top.  as  in  the 
French  specifications,  instead  of  being  kneaded  with 
the  hands  as  prescribed  by  the  specifications  of  the 
American  Society  for  Testing  Materials.  If  the 
mixing  is  to  be  done  by  kneading  with  the  hands, 
rubber  gloves  should  be  provided,  which  is  imprac- 
ticable for  so  many  students:  and  besides  the  knead- 
ing process  is  not  as  quickly  learned,  and  the  beginner 
is  so  dainty  about  it  that  the  results  are  far  from 
satisfactory.  Further,  the  mixing  with  the  trowel  is 
better  for  neat  cement,  since  when  mixing  by  knead- 
ing a  film  of  paste  adheres  to  the  hand  and  is  thereby 
dried  out;  and  besides  the  entrained  air  is  more 
easily  expeUed  from  the  neat  paste  than  from  a 
sand  mortar.  The  student  is  instructed  as  to  the  re- 
quirements of  the  standard  specifications;  and  in  aU 
commercial  testing  and  research  work  done  in  the 
laboratory  the  kneading  process  is  used.  In  making 
sand  briquettes  the  mortar  is  mixed  by  kneading  ac- 
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cording  to  the  method  prescribed  in  the  standard 
specifications. 

Formerly  the  students  were  required,  in  addition 
to  the  problems  enumerated  above,  to  work  several 
others  which  were  in  the  nature  of  elementary  re- 
search; but  owing  to  the  demands  of  other  subjects 
upon  their  time  the  amount  of  work  in  the  cement 
laboratory  was  reduced  to  that  stated  above.  Some  of 
the  subjects  formerly  included  are:  effect  of  age  upon 
neat  cement  and  also  upon  sand  mortars;  effect  of 
different  per  cents,  of  water  upon  the  tensile  strength 
of  different  cements ;  difference  in  the  tensile  strength 
between  mixing  with  a  trowel  and  by  kneading  with 
the  hands;  compressive  strength  of  cubes  and  of 
cylinders;  transverse  strength  of  bars;  comparative 
strength  by  different  methods  of  hand  molding;  ac- 
curate determination  of  the  probable  error  of  hand 
molding;  and  accelerated  tests  of  soundness.  The 
probabilities  are  that  it  would  have  been  wiser  to 
have  excluded  the  specific  gravity  tests  and  to  have 
included  some  of  the  experiments  just  mentioned. 

It  is  not  claimed  that  the  preceding  amount  of 
practice  makes  the  student  an  expert  cement  tester; 
but  it  is  believed  that  it  gives  him  a  reasonably  good 
understanding  of  some  of  the  qualities  of  hydraulic 
cement  and  familiarizes  him  with  the  methods  em- 
ployed in  testing  it.  A  considerable  number  of  stu- 
dents do  additional  work  with  cement  in  the  labora- 
tory in  connection  with  their  theses. 

An  experienced  instructor  and  an  expert  in  cement 
testing  is  in  continual  attendance  during  class  time; 
and  each  is  usually  busy,  particularly  during  the  first 
few  laboratory  periods.     The  problems  are  corrected 
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ontside  of  the  laboratory  period.  A  laboratory 
mannal  or  gnide  would  be  of  advantage  in  this  work, 
and  the  writer  ha5  for  some  years  had  in  mind  the 
preparation  of  snch  a  mannal  but  has  not  had  oppor- 
tunity even  to  begin  it. 

Discussion. 

Peofessob  Boyd:  I  noticed  that  practically  all  the 
tests  were  on  briquettes.  TTe  have  found  it  advan- 
tageous to  give  students  a  little  testing  to  do  on 
larger  quantities,  each  one  making  up  two  5"x6" 
beams — one  plain,  and  the  other  of  reenforced  con- 
crete. This  gives  the  student  a  little  practice  in  mix- 
ing the  concrete  and  in  handling  it.  It  is  one  thing 
to  711  iv  cement  with  a  trowel  in  a  small  quantity,  with 
any  amount  of  time,  and  another  thing  to  mix  a  larger 
quantity  witii  a  shovel.  "With  very  little  time,  this 
is  something  which  we  can  let  them  do,  the  handling 
of  the  cement,  and  also  the  testing  of  the  beams,  and 
then  they  see  the  difference  between  the  plain  con- 
crete beam  and  the  reenforced  beam. 

Dean  Kent:  It  seems  that  one  of  the  greatest 
troubles  with  cement  is  to  get  rid  of  the  personal 
equation.  You  have  a  barrel  of  cement  and  a  dozen 
students  sampling  it  and  they  get  almost  all  kinds  of 
results.  It  is  a  question  whether  this  is  due  to  the 
quality  of  the  cement  or  to  a  personal  equation. 
Investigations  of  this  matter  should  be  made  by  the 
cement  laboratories.  It  would  be  advisable,  if  pos- 
sible, to  improve  our  methods  of  testing  cement  in 
order  to  get  rid  of  the  personal  equation,  so  that  if  we 
send  a  barrel  of  cement  to  two  different  laboratories 
we  get  the  same  results  from  both  the  laboratories. 
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Professor  Wiuliston:  Using  full  sized  samples, 
and  low  grade  rather  than  rich  mortars  largely  elim- 
inates the  irregularity  due  to  the  lack  of  skill  of  stu- 
dents or  to  their  personal  equations.  In  dealing  with 
the  small  quantities  of  cement  it  is  very  hard  to  get 
the  mortars  mixed  exactly  right,  and  in  dealing  with 
the  rich  mortars  it  is  often  difficult  to  prevent  too 
rapid  setting.  These  things  cause  an  irregularity. 
On  the  other  hand,  with  the  larger  quantities  and 
shovels  it  is  possible  to  get  much  more  uniform  and 
reliable  results,  and  for  this  reason  at  Pratt  Institute 
we  have  almost  entirely  discarded  the  use  of  small 
specimens  and  briquettes,  and  use  instead  for  nearly 
all  the  work  good  sized  specimens,  cubes  six  or  eight 
inches  square,  or  larger,  and  beams,  reenforced  and 
not  reenforced.  TVe  find  that  the  results  obtained 
with  these  are  much  more  uniform  than  we  were  ever 
able  to  obtain  with  small  samples. 


HOW    FAR    IS    PURE    THERMODYNAMICS    OF 
VALUE    IN    PREPARING    STUDENTS    FOR 
HANDLING    MECHANICAL    ENGINEER- 
ING PROBLEMS. 

BY    AP.TEXH    J.    WOOD, 

Associate  Pi-ofessor  of  Experimental  Engineering, 
The  PennsTlvania  State  College. 

This  subject  may  at  once  suggest  a  renewal  of 
many  fruitless,  but  pointed  discussion  on  tlieory  vs. 
practice :  but  no  real  conflict  now  exists  in  engineeriiig 
schools  as  a  whole,  between  what  were  once  regarded 
as  two  mutually  inconsistent  ideas. 

I  take  it  that  pure  thermodynamics  refers  to  the 
unadulterated  theory,  more  particularly  to  the  mathe- 
matical analysis;  to  the  science,  rather  than  to  its 
direct  applications.  The  present  tendency  in  engi- 
neering courses  is  to  avoid  the  teaching  of  pure 
theory  in  this  subject.  Bearing  in  mind  the  prepar- 
ation of  the  student,  and  the  purpose— or  lack  of 
definite  purpose — which  leads  many  to  take  an  engi- 
neering course,  opinions  may  differ  on  the  main  ques- 
tion as  to  whether  or  not  this  tendency  is  in  the  right 
direction:  but  there  can  be  no  disagreement  on  the 
point  that  but  a  small  amount  of  mathematical  theory 
is  absolutely  essential  in  order  to  handle  the  more 
common  engineering  problems  in  thermodynamics. 
On  the  other  hand,  a  certain  amount  must  be  taught, 
and  a  still  larger  amount  is  highly  desirable.  Mathe- 
matics is  here  not  an  end  in  itself.     The  all-important 
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object  is  for  the  student  to  see  the  fact,  the  ti'uth,  the 
law. 

Ten  years  ago,  Professor  Lanza  stated  before  this 
Society  that  ''we  wish,  as  far  as  any  education  can 
accomplish  it,  to  fit  the  student  as  thoroughly  as  pos- 
sible, to  meet  and  grapple  successfully  with  the  duties 
of  his  profession,  including  the  problems  of  a  tech- 
nical nature,  which  he  will  be  liable  to  meet  in  the 
practice  of  his  profession,  and  also  the  responsibilities 
that  he  will  have  to  assume  as  an  engineer  and  as  a 
man. ' ' 

While  the  teaching  of  thermodynamics  since  then 
has  been  the  target  for  criticism,  sometimes  just,  but 
often  abusive,  it  has  undergone  some  changes  of 
methods  made  necessary  by  the  very  rapid  develop- 
ment in  its  principal  applications— notably  to  steam 
turbines  and  gas  engines— and,  also,  by  the  general 
introduction  of  the  entropy-temperature  diagrams; 
yet  the  aim  expressed  by  Professor  Lanza  is  as 
pertinent  today  as  ever,  and  must  be  reckoned  with 
when  eliminating  from  the  course  this  fine  mathe- 
matical analysis  which  gives  great  mental  reach,  even 
though  it  may  have  no  specific  application  to  the 
several  substances  available  for  transforming  heat 
into  work. 

The  writer  is  in  accord  with  the  general  aim  to 
make  the  teaching  practical,  but  is  unalterably  op- 
posed to  what  may  be  called  the  substitution  method 
of  using  engineering  equations,  believing  that  this 
leads  to  the  following  well-defined  evils:  (a)  using 
terms  but  not  knowing  the  significance  of  operations, 
(b)   many  errors  in   substitution,    (c)   a  narrow  and 
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distorted  view-point.  These  may  be  illustrated  in 
the  order  named. 

(a)  TTe  know  that  if  a  pound  of  liquid,  as  ammonia, 
expands  adiabatically  through  a  nozzle,  from  a  higher 
to  a  lower  pressure,  there  is  a  certain  percentage  of 
that  pound  which  will  of  necessity  be  vaporized  at 
the  lower  pressure  in  the  nozzle,  the  exact  amount 
depending  primarily  on  the  pressures.  The  engineer 
or  the  student  working  a  problem  involving  this 
general  principle,  may  apply  his  fonnula  and  obtain 
con*ect  results,  while  knowing  nothing  of  the  theory. 
But  let  him  turn  from  this  to  a  problem  involving 
compression  of  a  vapor  mixed  with  liquid  instead  of 
expansion  from  a  liquid.  The  same  formula  may 
be  applied,  but  if  one  is  not  sufficiently  familiar  with 
the  theoiy  to  know  the  significance  of  the  operations 
expressed,  as  well  as  of  the  symbols  used,  the  result 
may  well  be  called  in  question.  Why  compromise 
all  standards  and  resi^ect  for  sound  learning,  by  teach- 
ing that  it  is  enough  to  know  what  the  tenns  mean 
and  how  they  are  used?  Yet,  is  not  this  or  its 
equivalent  being  done,  to  our  knowledge,  every  day? 

(h)  In  plotting  entropy-temperature  diagrams  of 
a  gas-engine,  a  formula  may  be  derived  for  the  en- 
troj)y  between  two  points,  involving  changes  of  both 
pressure  and  volume.  In  this  particular  instance, 
the  change  of  entropy  must  be  calculated  from  the 
formula  representing  the  law  of  that  particular  ex- 
pansion. Shall  we  teach  pure  theory,  or  is  good 
judgment  sufficient  for  its  right  application?  If  the 
latter,  the  same  kind  of  well-known  errors  may  be 
made,  as  in  the  blind  application  of  the  simple  but  all 
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important  expression,  PV^MRT.  Unless  one  sees 
the  physical  law  expressed,  the  mark  is  missed  and 
the  subject  falls  into  ill-repute. 

(c)  A  more  familiar  example,  and  one  that  illus- 
trates the  evil  of  leading  to  a  narrow  and  often  dis- 
torted view  of  the  subject,  may  be  noted.  An  oft-re- 
peated remark  by  the  student  in  the  laboratory  is: 
"I  now  see  what  all  the  symbols  used  mean,  in  this 
throttling  calorimeter  formula,  but  fail  to  understand 
it  as  a  whole."  The  difficulty  may  have  come  through 
a  different  system  of  notation  from  that  used  in 
his  text-book,  but  more  often  follows  an  attempt  to 
memorize.  When  he  is  shown  that  he  must  have  a 
balance  of  heat  on  the  steam-pipe  line  and  in  the 
calorimeter,  he  has  the  cue,  and  only  when  he  can 
write  it  down  for  himself  in  any  notation,  will  the 
subject  begin  to  have  a  real  significance. 

These  commonplace  illustrations,  referring  to  three 
well  known  evils,  may  be  extended  into  the  field  of 
pure  theory,  involving  those  complex  equations  of 
the  adiabatics  of  imperfect  gases.  How  many  engi- 
neering schools  teach  this  part  of  the  subject?  Some 
who  do  not,  have  said  that  the  student,  believing  it 
to  be  his  sacred  duty  to  forget  it  all  immediately 
after  examinations,  will  not  be  able  to  use  it  in  the 
problems  which  he  will  meet  in  the  practice  of  his 
profession,  and  further  that  the  student  does  not 
take  hold  of  it  with  the  eagerness  and  enthusiasm, 
bom  of  a  live  interest,  like  that  shown  in  problems  in 
engineering  practice.  Is  this  a  sufficient  apology  for 
half  teaching  one  of  the  most  important  subjects  in 
the  whole  mechanical  engineering  course?  It  makes 
for  a   cheap  product   and  may   reflect  more   on   the 
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teacher  than  on  the  subject  or  the  student.  If  the 
policy  of  the  institution  will  not  uphold  a  rigid  re- 
quirement, in  the  regular  course,  the  advanced  theory 
may  be  taught  at  least  to  those  who  will  turn  out  to 
be  something  more  than  a  suhstitution  engineer.  At 
the  spring  meeting  of  the  American  Society  of  Me- 
chanical Engineers  in  1897,  a  member  of  that  society 
presented  a  short  paper  on  ' '  adiabatics, ' '  bringing  out 
some  new  relations  developed  mathematically.  It 
called  forth  a  discussion  on  graphical  as  against 
analytical  methods  which  has  been  continued  at 
times  ever  since,  with  no  serious  injuiy  to  either 
method.  A  certain  member  was  requested  to  prepare 
a  paper  for  a  later  meeting  to  show  how  such  abstract 
and  involved  relations  could  be  represented  graphic- 
ally to  the  eye  by  entropy-temperature  diagrams. 
He  prepared  a  clean  cut,  valuable  paper,  but  the 
relations  derived  in  the  original  paper  were  not  shown 
graphically  and  it  is  fair  to  say  in  this  case  that  this 
could  not  have  been  done  to  advantage.  This  is  no 
fault  of  the  graphics,  but  rather  is  because  the  mathe- 
matics is  the  natural  and  accurate  medium  to  use  in 
reaching  the  final  results.  Other  instances  might  be 
cited,  not  disparaging  to  the  teaching  of  the  entropy- 
temperature  analysis,  which  clears  up  many  a  befog- 
ging and  lifeless  mathematical  expression,  but  rather 
to  emphasize  the  point  that  nothing  is  to  be  gained  in 
most  cases  by  depending  upon  the  latter  methods  to 
the  absolute  exclusion  of  the  mathematics.  I  wish  to 
make  it  clear,  that  if  it  is  a  question  on  the  one  hand 
of  thoroughly  comprehending  a  few  thermodynamic 
laws  and  their  uses,  or  on  the  other  of  getting  one  or 
two  coats  of  whitewash  of  mathematical  formulas  in 
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order  to  tuni  out  a  product  smoothly  finished  and 
highly  polished,  let  us  hold  to  the  former  every  time. 
From  the  teacher's  standpoint,  however,  two  facts 
are  ever  facing  him:  first,  if  a  student  has  spent 
three  college  years  with  his  mathematics,  why  wil- 
fully avoid  its  use  when  it  opens  up  a  most  accurate 
conception  of  many  of  the  laws  of  heat?  Someone 
will  be  careful  to  remind  us  that  very  many  students 
do  not  have  the  mental  makeup  to  really  comprehend 
the  abstractions  expressed  in  the  fundamental  equa- 
tions of  thermodynamics: 

dH  =  c.dT  +  T(^)dv, 

dE  =  CpdT—T{j^dp. 

Time  has  long  since  passed  when  it  is  true  to  use 
the  words  ''cannot  comprehend,"  in  connection  with 
these  expressed  universal  laws  of  nature.  I  have 
more  than  once  observed  students,  having  caught  the 
far-reaching  significance  of  the  above  expressions, 
turn  from  indiiference  to  genuine  devotion  and  en- 
thusiasm in  the  study  of  the  subject.  If  a  student 
has  not  the  mental  stock  to  grasp  their  meaning,  then 
the  action  of  imperfect  gases  can  never  be  fully 
understood  and  appreciated  by  him.  I  would  have 
every  student  go  slow  enough  to  see  for  himself 
something  of  their  significance  and  to  have  him  know 
that  they  are  intensely  active  issues  in  his  profes- 
sional life.  One  who  has  time  only  to  apply  such 
formulas,  or  an  expression  derived  from  them,  with- 
out knowing  their  significance,  is  not  really  practical, 
for  he  knows  neither  their  limitations  nor  their  pos- 
sibilities. 
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ThermodYnamics  is  having  such  widespread  ap- 
plication and  is  developing  so  rapidly,  that  time 
should  be  given  in  every  engineering  course  for 
covering  thoroughly  the  elementary  theory.  Surely 
the  student  will  never  master  the  subject  after  leav- 
ing college;  but,  if  he  is  in  engineering  practice,  he 
will  constantly  come  in  touch  with  its  applications, 
even  though  he  may  not  be  directly  dependent  upon 
them  for  his  living. 

My  suggestion  for  the  most  desirable  and  effective 
arrangement  in  a  mechanical  engineering  course  of 
college  grade  for  subjects  pertaining  to  heat  engines, 
and  thermodynamics  is  as  follows:  The  theory  of 
heat  taught  thoroughly  in  the  sophomore  year;  the 
study  of  heat  engines,  including  the  elementary  ther- 
modynamics, in  the  junior  year;  the  pure  theory, 
covering  all  the  working  fluids,  developed  from  the 
fundamental  equations,  with  problems  in  gas  and 
steam  engine,  steam  turbines,  refrigerating  machines, 
and  the  like,  in  the  first  semester  of  the  senior  year; 
and  the  separate  and  more  thorough  study  of  the 
special  engines  either  parallel  with  this  study  of 
pure  theory,  or  preferably  later  in  the  senior  year. 
This  separate  study  of  subjects  should  include  prob- 
lems worked  by  the  students,  using  the  entropy- 
temperature  analysis,  the  usual  prescribed  labora- 
tory course  being  followed  along  with  the  class-room 
studies  and  closely  relat-ed  to  them.  This  applied 
work  ought  to  be  made  a  part  of  the  verification  of 
the  theory.  In  the  second  semester,  I  would  have  an 
option  course  in  advanced  theory,  for  those  who  wish 
to  train  for  leadership  lq  developiQg  the  science.  If 
properly   taught   in   such   sequence,    thermodynamics 
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need  not  be  regarded  as  the  most  ''headless,  tailless, 
soulless,  and  profitless  bugbear  of  the  whole  engi- 
neering course." 

Further,  for  electrical  and  mining  engineers,  the 
same  general  arrangement  of  the  work  may  be  ad- 
hered to,  except  as  to  the  amount  possible  in  the  senior 
year,  and  the  whole  may  be  directed  more  toward 
power  plant  management  and  design.  Civil  engineers 
can  obtain  but  little  from  an  abridged  course  unless 
accompanied  by  practical  work  and  this  should  come 
preferably  in  the  junior  year. 

It  is  now  half  a  century  since  the  giant-like  proc- 
esses of  Rankin,  Clausius  and  Thomson  (Kelvin) 
began  to  mould  the  thought  of  the  world  along 
newly  discovered  paths  of  pure  science.  Their  prac- 
tical applications  to  heat  engines  have  played  an  im- 
portant role  in  the  far-reaching  developments  of  the 
past  fifty  years,  and  yet,  may  we  not  believe,  have 
only  begun  to  accomplish  the  results  made  possible 
directly  by  the  development  of  their  theory.  Take 
this  away  from  the  study  of  vapor  engines  of  all 
descriptions,  from  air  motors,  and  refrigeratuig  ma- 
chinery, and  what  have  we  left?  Their  works  are 
classics  in  engineering  and  may  well  be  studied  for 
their  true  cultural  values  as  well  as  for  their  science. 

In  conclusion,  I  ask,  therefore,  ''Does  not  the 
future  demand  that  the  tendency  shall  be  towards 
teaching  more,  rather  than  less,  of  the  theory  of 
thermodynamics,  and  will  not  such  teaching  make 
for  a  stronger  and  more  progressive  type  of  engi- 
neer!" 
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Discussion. 

Dea^t  Kext:  Professor  Wood's  paper  ought  to  be 
carefully  studied  by  those  teaching  the  theory  of 
heat.  I  think  it  is  not  advisable  to  give  this  severe 
course  in  theiTQO dynamics  to  all  undergraduate  stu- 
dents, but  it  "would  be  an  excellent  study  as  an  elec- 
tive in  the  fifth  year  of  a  five  year  course.  If  a  stu- 
dent wanted  to  specialize  in  thermodynamics, 
Pr'j:>--'  :  TVood's  course  would  be  an  admirable  one, 
but  for  the  thousands  of  students  going  through  our 
colleges  today  it  would  be  a  great  waste  of  time.  TVe 
have  all  we  c-an  now  manage  without  going  into 
differential  equations:  and  I  have  left  out  the  differ- 
ential equations  entirely  from  the  course,  going  to 
the  extreme,  perhaps,  in  one  direction  as  Professor 
Wood  has  done  in  another.  It  has  been  said  that 
truth  lies  between  two  extremes. 

Deax  Glss:  I  accept  this  paper  as  a  direct  plea  for 
graduate  work  in  engineering,  a  matter  to  which  our 
engineering  coUeges  have  thus  far  given  too  little  at- 
tention. Our  whole  effort  has  been  to  prepare  men 
for  the  active  work  of  their  chosen  profession.  There 
is  ample  evidence  in  this  meeting  that  there  are 
other  things  for  which  students  in  engineering  should 
be  trained.  It  is  with  great  satisfaction  that  I  have 
read  in  the  newspapers  of  one  of  our  leading  insti- 
tutions offering  a  weU-defined  course  leading  to  the 
degree  of  educator  of  engineering.  That  is  along  the 
right  lines,  and  the  time  is  not  far  distant  when 
many  such  courses  will  be  offered  and  taken. 

Pbofessoe  TTeeb  :  I  want  to  express  an  opinion 
abont  tiie  teaching  of  thermodynamics.  It  would  be 
better    understood    if    it    is    tausrht    from    Eankin's 
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standpoint,  with  a  thorough  understanding  of  Ran- 
kin's statement  of  the  second  law.  It  has  always  been 
a  very  interesting  remembrance  to  me  from  the  time 
when  I  studied  Clausius's  work  on  the  subject.  He 
produces  a  fundamental  formula  in  which  he  first 
gets  the  form  of  the  function,  and  proves  that  the 
formula  must  be  the  same  for  all  substances;  conse- 
quently, he  says,  we  may  get  the  values  of  the  terms 
by  an  experiment  on  any  one  of  those  substances,  and 
then  he  gets  it  by  taking  a  perfect  gas,  which  is  an 
imaginary  substance  unknown  in  nature.  There  is 
therefore  a  break  in  the  logic. 

Dean"  Eddy:  TTe  have  a  class  in  thermodynamics 
every  year  of  thirty  or  forty  students.  I  have 
usually  at  the  conclusion  of  the  course  asked  an 
opinion  of  the  class  whether  the  subject  appeared  to 
them  abstnise  and  difl5cult  of  understanding,  or 
whether  they  understood  it  and  thought  that  they 
were  able  to  apply  it  as  they  would  any  of  the  other 
physical  or  mechanical  theories  that  they  were  fa- 
miliar with.  They  have  uniformly  responded  that 
they  did  not  regard  it  as  abstruse  or  difficult  of 
application,  or  that  they  were  uncertain  about  the 
applications  of  the  method  or  the  computations. 
The  course  occupies  three  hours  a  week  for  a  sem- 
ester, and  at  the  conclusion  of  it  they  construct  from 
experiment  entropy-temperature  diagrams  for  the 
steam  engine  and  gas  engine,  but  the  course  does  not 
consist  especially  of  that  particular  kind  of  work; 
it  deals  principally  with  the  physical  facts  to  be  ex- 
pressed in  mathematical  or  in  graphical  language,  or 
in  any  other  way  that  will  proj^erly  arrive  at  or 
express  the  relationships  of  thermodynamics.    I  see 
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no  more  impracticability  or  difficulty  in  making  clear 
the  necessary  relationships  of  thermodynamics  than 
in  anything  else.  The  mathematical  difficulties  bear 
no  comparison  Tvhatever  with  those  of  alternating 
currents,  and  I  believe  it  is  entirely  within  the  range 
of  ordinary  undergraduate  instruction.  In  this  ex- 
perience with  large  classes  year  by  year,  I  think 
perhaps  an  ounce  of  experience  is  worth  a  pound  of 
theorizing  on  the  subject. 


ON   ENTROPY. 

BY    WILLIAM    D.    EXXIS, 

Professor  of  Mechanical  Engineering  in  the  Polytechnic 
Institute  of  Brooklyn. 

Entropy  cannot  be  defined  in  physical  terms.  It 
is  a  unit  for  measuring  something  that  we  cannot 
see,  feel  or  hear.  While  related  to  mass,  it  is  a  func- 
tion of  so  many  other  variables  that  we  cannot  de- 
scribe it  in  terms  of  mass.  The  only  difficulty  with 
entropy,  however,  arises  from  the  attempt  to  define 
it.  Indeed,  all  difficulty  would  be  avoided  if  we 
would  content  ourselves,  not  merely  with  not  defining, 
but  with  not  even  naming  it.  The  immense  usefulness 
of  the  temperature-entropy  diagram  may  be  realized 
to  the  full  extent  without  imposing  any  necessity  for 
defining  either  logically  or  physically  the  horizontal 
coordinate  of  that  diagram. 

Too  much  has  been  written  on  the  difficulty  of  the 
subject.  Professor  Wood  published  a  pamphlet  en- 
titled ''Entropy;  An  Abstruse  Subject."  A  recent 
writer  mentioned  it  as  an  example  of  the  purely 
abstract  conceptions  that  occasionally  encumber  engi- 
neering studies.  Eankine  suggests  it  in  too  terse  a 
way  for  the  average  student 's  comprehension.  None  of 
these  writers  makes  any  reference  to  the  convenience 
of  the  temperature-entropy  diagram  for  the  solution 
of  the  most  definite  practical  problems.  Mr.  George 
Richmond*  has  printed  a  most  admirable  monograph 

•  Trans.  A.  8.  M.  E.,  XIX.,  p.  477. 
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on  the  diagram,  including  an  extended  reference  to 
its  bibliography,  so  far  as  that  bibliography  extended 
ten  years  ago.  More  recently  the  articles  of  Pro- 
fessor Eeeve  bring  the  subject  down  to  the  compre- 
hension of  men  of  the  most  limited  education. 

"With  a  few  exceptions,  the  whole  body  of  principles 
which  constitute  the  science  of  thennodynamics  may 
be  unfolded  without  use  of  the  calculus.  In  fact,  as 
taught  by  means  of  the  temperature-entropy  dia- 
gram, a  satisfactory  course  in  engineering  thermody- 
namics can  be  given  with  but  two  applications  of 
the  integral  method.  One  of  these  arises  in  deter- 
mining the  external  work  done  during  isothermal 
expansion,  the  other  in  establishing  the  form  of  the 
entropy-temperatui'e  curve  for  a  liquid.  In  both 
cases,  all  the  knowledge  of  calculus  recjuired  is  that 
necessary  to  perform  the  operation 


/ 


dx 

=  lOge  X. 

X 


This  is  elementary  knowledge,  indeed.  The  elab- 
orate foiTQS  of  integi'ation  for  vapor  adiabatics,  and 
other  mathematical  exercises  common  in  the  pages 
of  Wood  and  earlier  writers,  are  entirely  unnecessary. 
If  they  are  valuable  as  mental  training,  they  should 
be  taught  in  the  mathematics  departments.  The  re- 
sults to  which  they  lead  may  be  derived  with  greater 
simplicity  by  means  of  temperature-entropy  analysis. 
The  real  difficult^'  with  students  first  approaching  the 
subject  is  not  in  the  mathematics,  however,  but  in  an 
adequate  perception  of  the  physical  meaning  of  the 
principles  considered.      In  order  to  have  it  properly 
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precede  the  detailed  study  of  prime  movers,  the  sub- 
ject of  thermodynamics  must  usually  be  taken  up  early 
in  the  junior  year.  Thus  a  course  of  extreme  diffi- 
culty must  be  undertaken  by  men  of  immature  age, 
who  thus  far  have  been  doing  little  deep  thinking. 
Concurrently  with  thermodynamics,  they  are  obliged 
in  most  cases  to  begin  the  study  of  another  difficult 
branch,  that  of  applied  mechanics.  Their  mathe- 
matical difficulties  are  not  serious;  only  the  easiest 
operations  in  calculus  are  required,  and  if  the  stu- 
dents are  ever  deficient  on  the  side  of  mathematics 
it  is  in  the  quick  transformation  of  simple  trigonomet- 
rical and  exponential  equations,  and  in  arithmetical 
computations  involving  the  extraction  of  fractional 
roots  by  means  of  logarithms  having  negative  char- 
acteristics. 

Great  inefficiency  arises  from  faulty  arithmetic. 
The  subject  is  usually  taught  in  the  grade  schools  and 
forgotten  in  the  high  or  preparatory  schools.  Men 
who  can  obtain  the  volume  of  an  ellipsoid  by  integra- 
tion fail  in  pointing  off  decimal  quantities. 

In  aiming  at  the  more  serious  problem  suggested, 
it  is  desirable  that  the  student  should  at  the  outset 
study  something  of  the  history  of  the  development 
of  heat  motors.  He  thus  learns  from  the  practical 
side  how  progress  has  been  obtained  by  expansion, 
condensation,  increase  of  initial  pressure,  and  other 
means,  and  is  prepared  to  find  theories  developed 
which  account  quantitatively  for  these  gains.  Be- 
sides all  this,  he  learns  definitely  and  physically 
what,  for  example,  condensation  actually  is.  It  might 
be   quite   possible   for   him,    otherwise,    to    faithfully 
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study  thermodjTiamics  without  having  any  very  clear 
notion  on  the  matter.  A  further  aid  in  the  teaching 
is  to  plan  the  laboratory  and  the  thermodynamics 
courses  together,  so  that  the  one  may  furnish  exempli- 
fications of  the  principles  developed  in  the  other. 
Still  another  method  is  to  teach  principles  arith- 
metically as  well  as  algebraically.  Too  many  men, 
confronted  with  a  problem,  search  for  a  foiTQula. 
If  the  formula  be  lost,  all  is  lost.  In  the  study  of 
the  throttling  calorimeter,  for  example,  therefore,  let 
the  foiTQula  be  discarded;  it  is  not  desirable  that  the 
student  should  'try  to  remember  that 

but  it  is  of  vital  importance  that  he  know  that  the 
total  quantity  of  heat  in  the  steam  is  the  same  on  both 
sides  the  orifice.  With  this  knowledge  he  may  cease 
to  '^ substitute  in  the  formula,"  and  compute  results 
arithmetically  and  directly.  Frequent  numerical  prob- 
lems, with  a  disparagement  of  memorizing  methods, 
facilitate   the    attainment   of   this    position. 

The  logical  development  of  the  temperature-entropy 
diagram  has  all  the  definiteness  of  a  series  of  proposi- 
tions in  geometry.  As  a  preliminary,  the  representa- 
tion of  expansions  on  coordinate  diagrams  must  be 
described,  with  special  reference  to  those  on  the 
pressure- volume  planes.  Then  let  the  adiabatic  be 
defined,  with  abundant  illustration  from  assumed 
practice  and  comparison  with  the  isothermal.  We 
follow  with  these  theorems: 

1.  On  the  P-V  diagram,  the  external  work  done 
along  any  path  is  represented  by  the  area  subtended 
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between  that  path  and  the  base.  This  is  readily 
shown  by  dividing  the  area  into  vertical  strips  of 
infinitesimal  width.  Then,  since  work  equals  force 
times  distance,  the  work  shown  by  each  strip  is 
PdV,  P  being  sensibly  constant :  and  the  total  work,  or 
j  PdV,  is  the  summation  of  the  strips. 

2.  On  the  P-V  diagram,  the  extenial  work  done 
during  a  closed  cycle  is  represented  by  the  area  of 
the   cycle.     This   follows    directly   from    Theorem   1. 

3.  On  the  P-V  diagram,  the  heat  absorbed  along 
any  path  is  represented  by  the  area  between  that 
path  and  the  two  adiabatics  indefinitely  extended  to 
the  right.  This  area  is  included  in  a  series  of  paths 
forming  a  closed  cycle;  hence,  from  Theorem  1,  the 
area  represents  the  external  work  done.  Since  the 
substance  is  brought  back  to  its  initial  condition,  the 
summation  of  changes  of  internal  energy  is  zero: 
consequently  the  external  work  must  equal  the  heat 
absorbed.  From  the  definition  of  an  adiabatic,  all 
of  the  heat  absorbed  must  have  been  absorbed  along 
the  assumed  path:  and  this  heat  is  therefore  rep- 
resented by  the  area  of  the  cycle. 

4.  On  the  P-V  diagram,  the  efficiency  of  a  Camot 
cycle  is  equal  to  the  quotient  of  the  area  of  the  cycle 
by  the  area  between  the  upper  isothennal  and  the 
two  adiabatics  indefinitely  extended  to  the  right. 
Since  efficiency  is  work  done  divided  by  gross  heat 
absorbed,  the  proposition  is  self-evident. 

5.  Camot  cycles  through  equal  temperature  ranges 
afford  equal  amounts  of  external  work.  This  is  a 
slightly  simplified  fonn  of  Eankine's  statement  of 
the  second  law  of  thermod^'namics.  If  not  self-evi- 
dent, it  is  readily  proven  by  di\iding  the  entire  area 
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between  two  adiabatics  by  equidistant  isothermals, 
and  expressing  the  efficiency  of  each  cycle.  From 
the  indefinite  right  to  the  topmost  isothermal  gives 
100  per  cent,  efficiency.  Using  the  topmost  iso- 
thermal as  that  of  heat  absorption,  let  the  rejection 
isothermals  ascend  from  the  indefinite  right  by  eqnal 
increments.  The  gross  heat  absorbed  is  the  same  in 
all  cycles,  but  the  efficiency  and  the  work  done  are 
decreasing  by  increments  equal  to  the  increasing 
increments  of  rejection  temperatures. 

At  this  stage  the  student  may  be  expected  to  de- 
duce for  himself  the  principle  that  any  path  what- 
ever exerts  an  influence  on  the  cyclic  efficiency  which 
is  measured  by  the  quotient  of  added  cyclic  area  by 
added  area  of  heat  absorption.  He  then  sees  the 
impossibility  of  measuring  the  latter  of  these  two 
areas  by  any  gi'aphical  method.  He  finds  that  the 
work  area,  which  is  within  finite  bounds,  can  be 
readily  computed  or  measured.  The  heat  area  can 
only  be  obtained  by  integration.  He  notes  the  neces- 
sity of  a  measurable  heat  area,  permitting  of  the 
direct  determination  of  efficiencies.  At  this  point  his 
attention  may  be  called  again  to  the  equality  of  the 
Camot  cycles,  shown  in  Theorem  5.  Each  of  these 
cycles  is  bounded  by  isothermals  and  adiabatics,  form- 
ing a  distorted  rectangle.  Ignoring  the  distortion, 
if  the  isothermals  are  equidistant  by  measurement 
as  well  as  numerically,  the  widths  of  the  rectangles 
must  be  equal:  or  the  distance  between  the  two  adia- 
batics, measured  along  an  isothermal,  must  be 
uniform. 

TVe  may  then  construct  a  diagram  in  which  these 
rectangles  are  ''straightened  out,"  as  it  were.    Let 
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it  be  turned  clockwise  so  that  the  isothermals  lie 
horizontally,  and  the  adiabatics  vertically.  Vertical 
distances  then  represent  temperatures.  Let  the 
adiabatics  be  projected  downward  to  a  base  line 
which  we  will  make  the  absolute  zero  of  temperature. 
The  vertical  scale  is  now  one  of  absolute  tempera- 
tures. Areas  on  the  diagram  subtended  between  any 
isothermal  and  the  base  line,  are  to  represent  heat 
quantities,  absorbed  or  rejected  along  the  isothermal. 
Adiabatics  must  lie  vertically,  in  order  that  they  may 
subtend  no  heat  areas.  The  vertical  scale  of  iso- 
thermals must  then  be  divided  into  intei*\"als  both 
numerically  and  measurably  equal,  since  all  the  rect- 
angles are  to  be  equal.  Each  rectangle  is  a  Carnot 
cycle.  Theorems  2,  3,  4  and  5  are  now  seen  to  be 
obviously  applicable  to  this  new  diagram.  The  dia- 
gram is  called  the  temperature-entropy  diagram, 
temperatures  being  ordinates  and  quantities  of  heat 
absorbed  being  areas.  The  horizontal  distance  we 
call  entropy.  It  is  the  distance  between  two  adia- 
batics. To  reduce  entropies  to  a  convenient  scale, 
we  consider  the  adiabatic  for  a  temperature  of  32^ 
F.,  atmospheric  pressure,  and  normal  volume,  to  be 
the  vertical  coordinate  axis.  Distances  from  this 
adiabatic  to  any  other  then  give  absolute  measure- 
ments of  entropy.  The  entropy  itself  is  nothing 
but  a  name  of  an  abstraction,  the  quotient  of  heat 
quantity  by  temperature. 

The  argument  thus  far  is  that  of  a  series  of  prob- 
lems in  construction.    We  may  subdivide  it  thus: 

(a)  Represent  on  a  coordinate  diagram,  in  which 
subtended  areas  are  heats  absorbed  and  ordinates  are 
temperatures,  an  isothermal  and  an  adiabatic.     Since 
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the  isothermal  is  a  path  of  constant  temperature,  it 
must  be  horizontal.  Since  the  adiabatic  is  a  path  of 
no  heat  transmission,  it  must  be  vertical. 

(b)  From  Theorem  5.  how  must  the  temperatures 
be  scaled  in  order  that  they  may  divide  the  heat 
areas  equally?     Obviously,  in  equal  intei'vals. 

(c)  In  what  units  is  the  horizontal  scale  divided? 
K  areas  are  to  be  in  heat  units,  and  ordinates  in  de- 
grees, abcissae  must  be  in  heat  units  per  degree. 
Assuming  an  isothermal  path,  equal  heat  areas  are 
subtended  by  equal  abcissae,  so  that  horizontal  inter- 
vals must  be  equal. 

(d)  Find  the  entropy  added  in  evaporating  one 
pound  of  water  at  atmospheric  pressure.  The  heat 
area  must  be  966  B.T.U.  The  temperature  is  212" 
F.  or  673'   absolute.     The  entropy  is  then 


966 


(e)  Find  the  entropy  added  in  heating  one  pound  of 
water  from  32'  to  212'.  In  this  case  the  tempera- 
ture is  variable,  the  total  quantity  of  heat  absorbed 
is  ^(212-32),  or  generally  k{T^  —  Jo).  The  general 
expression  for  entropy  is  fdh/T  or,  for  water,  sen- 
siblv 

'  ~  =  log.  T,  —  log.:  T,  =  .314  B.T.U. 


It  is  now  easy  to  extend  the  calculations  so  as  to 
readily  derive  and  tabulate  the  entropies  for  super- 
heated steam,  wet  steam,  ice,  etc.,  for  various  pres- 
sures and  temperatures.  The  student  is  not  asked  to 
define  entropy,  but  simply  to  use  it.     He  may  take, 
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for  example,  an  indicator  card  from  an  engine  with- 
out expansion.  He  shows  on  the  P-V  diagram  the 
increased  work  effects  resulting  from  increased 
steam  pressure,  superheat,  expansion,  complete  ex- 
pansion and  condensation.  He  is  asked  to  state 
what  compensating  disadvantages  tend  to  offset  the 
gains  shown.  These  he  describes  in  a  more  or  less 
inadequate  and  qualitative  way.  The  entropy  dia- 
gram is  then  suggested  and  by  actual  measurement 
the  exact  increment  of  eflSciency  theoretically  pos- 
sible is  shown  for  each  modification  studied.  He 
takes  the  principle  that  superheat  lowers  the  effi- 
ciency of  a  refrigerating  machine,  and  after  some 
floundering,  resorts  to  the  entropy  diagram  and  com- 
putes to  a  nicety  what  the  detrimental  effect  is  under 
stated  conditions.  A  large  class  may  be  found  busy 
with  the  most  practical  sort  of  entropy  calculations. 
If  asked  to  define  the  term,  they  would  hesitate,  and 
then  express  it  as  a  quotient  of  quantities  shown  on 
the  diagram.  And  this,  after  all,  is  the  only  way  in 
which  any  one  can  define  it. 

The  only  difficulty  with  entropy  is  in  the  name. 
The  application  to  problems  of  design  and  operation 
is  fundamental  and  extensive.  Far  more  difficulty  is 
found  with  other  less  immediately  practical  aspects 
of  thermodynamics.  The  criterion  of  reversibility, 
the  theory  of  ammonia  absorption  machines,  and  the 
construction  of  the  release  line  for  90  degree  com- 
pound engines  all  give  infinitely  more  trouble. 
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ON  THE  CONCENTRIC  METHOD  OF  EDUCATION 
IN   ENGINEERING. 

BY    V.    KAHAPETOFF, 
Professor   of  Experimental   Electrical   Engineering,   Cornell   University. 

"  No  profit  grows  where  is  no  pleasure  ta'en.    In  brief,  sir, 
study  what  you  most  affect." — The  Taming  of  the  Shrew. 

A  year  ago  the  author  presented  before  the  Amer- 
ican Institute  of  Electrical  Engineers  a  paper  ' '  On  the 
Concentric  Method  of  Teaching  Electrical  Engineer- 
ing," in  which  he  pointed  out  certain  shortcomings 
in  methods  of  teaching  engineering  now  in  vogue, 
and  outlined  a  somewhat  different,  so-called  concen- 
tric, arrangement  of  courses.  The  paper  aroused  dis- 
cussion in  the  Institute  and  in  the  press,  and  it  has 
seemed  proper  to  give  the  method  wider  publicity. 
The  purpose  of  this  second  paper  is  to  present  in 
concise  form  the  principles  of  the  concentric  method 
and  the  arguments  in  its  favor.  The  subject  is 
treated  under  two  headings:  (A)  What  to  Teach,  and 
(B)  How  to  Teach. 

A.     What  to  Teach. 

I.  Two  Extreme  Vieius.—T]ie  idea  of  the  trade- 
school  and  the  idea  of  general  culture. 

First— The  trade-school  education  consists  in  teach- 
ing practical  details  of  a  branch  of  engineering  so 
that  the  student  after  leaving  the  school  may  have 
immediately   a   certain  market  value   in    subordinate 

(258) 
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positions.  The  theory  and  underlying  principles  of 
the  profession  are  allotted  only  a  small  place,  and 
the  general  culture  studies  are  reduced  to  a  minimum. 
AMiile  such  schools  undoubtedly  are  necessary  for 
producing  skilled  mechanics,  foremen,  etc.,  some 
people  advocate  the  same  methods  for  colleges  of 
engineering. 

Second— The  broad-culture  idea  is  based  on  the 
principle  of  a  systematic  training  of  the  mind,  inde- 
pendent of  the  future  profession.  The  advocates  of 
this  method  claim  that  a  well-educated  man  will  find 
himself  at  ease  in  any  new  situation,  and  will  acquire 
the  necessary  routine  skill  and  professional  knowledge 
in  a  very  short  time.  According  to  this  idea,  a 
future  engineer  ought  to  be  taught  in  college  plenty 
of  mathematics,  physics,  languages  and  literature, 
political  economy,  etc.,  and  only  very  little  of  engi- 
neering proper,  all  practical  details  being  entirely 
excluded  from  the  curriculum. 

n.  A  Combination  Course.— X  five-year  course  for 
electrical  engineers.  Both  views  are  one-sided:  Man's 
development  from  childhood  to  matui-ity  must  be 
organic,  harmonious  and  uninterrupted;  the  school 
must  plant  the  seeds  of  all  the  functions  for  man's 
future  activity.  Therefore,  the  curriculum  of  a  good 
college  of  engineering  must  comprise: 

(a)  The  fundamentals  of  the  profession  proper,  in- 
cluding its  theory  and  practice. 

{b)  A  fair  amount  of  information  concerning  the 
allied  professions. 

(c)  Such  auxiliary  sciences  as  are  necessary  for  the 
understanding  and  the  development  of  the  profession. 

(21) 
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(d)  A  certain  amount  of  broad  general  culture. 

A  sample  schedule  of  studies  according  to  these 
requirements  is  shown  in  the  form  of  a  table  at  the 
end  of  the  article,  in  application  to  a  five-year  course 
in  electrical  engineering.*  Four  principal  groups  of 
studies  are  there  distinguished:  electrical  engineering 
proper;  mechanical  engineering,  as  a  closely  allied 
branch;  auxiliary  sciences,  such  as  mathematics, 
physics  and  chemistry;  and  history  and  political 
science.  A  reasonable  amount  of  time  is  also  left 
for  broad  culture.  The  reasons  for  the  particular 
distribution  of  the  subjects  are  explained  in  the 
second  part  of  the  article,  under  the  heading  of  ' '  How 
to  Teach." 

The  following  arguments  may  be  urged  in  favor 
of  teaching  the  practical  side  of  the  profession  in 
college : 

(a)  The  fundamentals  of  any  profession  should  be 
taught  systematically,  and  not  '^  picked  up  as  the  man 
goes  along"  in  his  practical  work.  A  thorough 
knowledge  of  fundamentals  opens  up  an  easier  way 
for  future  professional  development.  The  school  is 
the  proper  place  for  teaching  fundamentals  systemat- 
ically. These  fundamentals  should  not  be  confused 
with  auxiliary  sciences,  such  as  physics,  mathematics 
or  chemistry.  They  are  the  general  principles  of 
the  profession  itself,  such  as  the  action  of  steam  in 

*  The  question  of  either  raising  entrance  reqmrements,  or  increasing 
the  length  of  the  course  from  four  to  five  years,  has  lately  been  taken 
up  by  several  leading  technical  schools  in  this  country;  and  no  doubt 
the  longer  course  will  be  inaugurated  in  the  near  future.  This  has 
become  necessary  because  of  the  wonderful  growth  of  the  engineering 
art,  and  also  because  of  the  increased  responsibilities  and  higher  social 
standing  of  engineers.  Cornell  University  offers  now,  besides  the  regular 
four-year  course  in  engineering,  an  optional  five-year  course. 
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a  cylinder,  the  bending  of  beams,  tlie  general  scheme 
of  generation  and  transmission  of  power,  classifica- 
tion of  machine  tools,  etc. 

(b)  A  study  of  the  profession  lends  interest  to  the 
effort  given  to  auxiliary  sciences;  it  also  makes  the 
study  more  fruitful,  as  the  student  sees  the  direct 
bearing  of  his  studies  upon  his  future  activity.  For 
this  reason  a  general  outline  of  the  profession  should 
somewhat  precede,  in  the  schedule,  the  study  of 
physics  and  mathematics. 

(c)  A  student  who  has  been  well  grounded  in  the 
elements  of  his  profession  during  his  course  has  a 
certain  value  on  the  market  immediately  after  gradu- 
ation. 

(d)  Even  granting  that  the  principal  purpose  of 
college  work  is  the  training  of  the  mind  in  logical 
thinking,  there  is  no  reason  why  such  training  can- 
not be  achieved  by  properly  teaching  the  profession 
itself. 

III.  The  Definition  of  General  Culture.— The  cor- 
rect definition  of  general  culture  is  based  on  the  fact 
that  man's  life  is  divided  between  furnishing  services 
to  and  receiving  services  from  society.  General  cul- 
ture comprises  such  studies  as  better  enable  a  man  to 
receive  and  to  enjoy  services  from  society,  ivhile  pro- 
fessional training  enables  him  to  give  better  service 
to  society.  From  this  point  of  view,  the  same  sub- 
ject may  be  taught  either  as  general  culture  or  as  a 
preparation  for  professional  activity,  the  difference 
being  in  the  method  and  in  the  scope  of  study. 

Some  persons  define  general  culture  as  that  which 
a  man  knows  superficially.     This  is  wrong;  the  habit 
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of  knowing  anything  superficially  is  detrimental  to 
the  mind  and  must  be  eradicated,  and  not  fostered 
in  good  education. 

The  skeptical  definition  of  general  culture  as  things 
useless  in  practical  life  is  also  unsatisfactory.  There 
is  no  division  of  life  into  practical  and  theoretical; 
there  is  but  one  life,  of  which  all  our  acts  and 
thoughts  are  but  particular  manifestations.  General 
culture  that  enables  a  man  to  judge  keenly,  to  act 
nobly,  cannot  be  called  of  no  practical  value. 

According  to  the  distinction  between  professional 
training  and  general  culture,  given  above,  the  profes- 
sional training  of  an  engineer  must  comprise  not  only 
engineering  proper,  but  the  elements  of  political  and 
economic  sciences  as  well,  because  these  latter  also 
enable  him  to  give  better  service  to  society.  The 
growing  demand  for  clean  politics,  and  for  public  con- 
trol or  ownership  of  public  utilities,  requires  more  and 
more  knowledge  of  social  and  political  science  on  the 
part  of  every  intelligent  citizen.  The  subjects  which 
may  be  comprised  under  general  culture  for  engi- 
neers are:  languages,  literature,  philosophy,  history, 
psychology,  biology,  music,  painting,  physical  culture, 
and  athletics;  and,  in  a  lower  degree,  mathematics, 
physics,  chemistry,  geology,  astronomy,  etc.  Those 
who  are  specially  inclined  may  derive  a  good  deal  of 
pleasure  from  a  general  study  of  applied  sciences, 
such  as  medicine,  jurisprudence,  and  agriculture. 

The  following  arguments  may  be  advanced  in  favor 
of  giving  engineering  students  an  opportunity  for 
pursuing,  during  their  college  years,  such  disciplines 
as  those  just  mentioned : 
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(a)  The  coTintrv  owes  to  the  new  generation  every 
opportunity  for  the  fullest  development  of  their  capac- 
ities as  individuals  and  as  members  of  the  society; 
to  do  so  raises  the  moral  and  the  intellectual  standard 
of  the  country. 

(6)  The  right  seeds  of  general  culture,  as  of  any 
other  human  activity,  must  be  planted  thoroughly  and 
systematically.  This  is  done  best  in  the  college, 
under  competent  guidance  and  advice. 

(c)  Man's  life  consists  not  only  in  giving,  but  also 
in  receiving  service;  an  ability  to  enjoy  good  and 
noble  things  is  a  check  on  many  a  misuse  of  the  com- 
pensation received. 

(d)  A  man  with  a  broad  education  is  more  resource- 
ful in  his  activity,  borrowing  and  lending  his  knowl- 
edge of  laws  and  his  experiences,  and  utilizing 
analogies  between  the  various  departments  of  knowl- 
edge. 

(e)  The  very  character  of  the  engineering  actiWty. 
especially  in  its  higher  stages,  implies  a  rather  high 
social  standing,  and  makes  it  almost  indispensable 
for  the  engineer  to  possess  at  least  a  moderate  amount 
of  general  culture. 

IV.  Influence  of  College  Training  on  Man's  Use- 
fulness and  on.  His  Enjoyment  of  Lj/e.— First— The 
college  bred  man  versus  the  self-trained  man.  The 
curves  in  Fig.  1  represent  the  amount  of  man's  useful- 
ness and  of  his  enjoyment  of  life,  plotted  to  years 
of  his  life  as  abscisScT.  Curves  1  and  2  refer  to 
college  training,  while  curve  3  shows  the  progress  of 
the  same  man  if  he  should  start  in  a  profession 
without  previous  systematic  training.     For  some  time 
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the  self-trained  man  is  ahead  of  where  he  would  be 
if  he  had  had  college  training  at  the  beginning  of  his 
career,  but  soon  approaches  the  asymptote  of  his 
limitations,   due  to   a  lack  of  broad   and   systematic 


YEARS  OF  LIFE 

Fig.  1.     Influence  of  College  Training  on  Man's  Usefulness  and  on 
his  Enjoyment  of  Life. 

training  in  fundamental  principles.  With  a  college 
education  he  may  at  first  lack  alertness  and  ease  of 
application,  yet  he  easily  masters  any  new  situation, 
and  gradually  rises  above  subordinate  routine. 

Second— Curves  1  and  2  compared.  Both  curves 
1  and  2  refer  to  college  education,  and  both  may  be 
said  to  represent  parabolae  of  the  general  form 

but  the  values  of  a  and  n  are  different  for  the  two 
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curves,  depending  on  the  method  of  training  adopted 
in  college.  Curve  1  corresponds  to  a  technical  college 
that  gives  the  student  a  large  amount  of  practical 
information,  though  not  so  much  independent  mental 
training;  curve  2  corresponds  to  a  broader  university 
course,  in  which  emphasis  is  laid  upon  methods  of 
reasoning  and  broad  underlying  principles,  rather 
than  upon  a  large  amount  of  incoherent  information. 
Curve  2  has  at  the  beginning  smaller  ordinates  than 
curve  1,  but  afterwards  crosses  it,  and  then  its  ordi- 
nates grow  faster  and  faster,  since  its  exponent  n  is 
larger  than  the  exponent  of  the  first  curve.  ''Raise 
the  exponent,"  should  be  the  cry  of  technical  educa- 
tion ;  it  matters  not  if  this  should  reduce  the  ordinates 
in  the  early  part  of  the  curv^e.  A  man  who  is  started 
along  a  curve  with  a  high  exponent  is  sure  to  attain 
in  his  later  years  a  high  degree  of  usefulness  and  en- 
joyment of  life. 

It  is  understood  that  these  curves  refer  to  an 
average  man,  and  to  reasonably  good  schools;  poor 
colleges  give  curves  more  nearly  approaching  the 
spiral  of  Archimedes;  while  the  path  of  a  naturally 
soaring  genius  cannot  be  represented  at  all  by  a  plane 
curve. 

Third— Colleges  do  not  furnish  a  ''finished  prod- 
uct." No  school  can  bring  out  accomplished  engi- 
neers, nor  well  educated  men,  in  the  sense  in  which  a 
finished  product  leaves  the  factory.  Throughout  his 
life,  man  is  in  the  process  of  a  continuous  develop- 
ment, or  if  he  is  not  watchful,  of  decay.  All  that  a 
college  can  or  ought  to  accomplish  is: 

(a)  To  start  him  aright  in  methods  of  thinking  and 
doing— the  high  exponent  n,  referred  to  before. 
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(b)  To  give  him  a  clear  notion  of  the  path  of  his 
profession  and  of  the  possibilities  in  it. 

(c)  To  guide  his  first  steps  with  encouragement  and 
advice. 

B.     How  TO  Teach. 

I.  The  MetJiod  of  Teaching  must  Above  all  be 
Psi/chological.— First— The  two  purposes  of  engi- 
neering education  are:  (a)  to  impart  certain  corre- 
lated information;   (b)   to  develop  logical  thinking. 

A  student  is  not  a  bag  to  be  filled  with  hetero- 
geneous knowledge  which  he  cannot  either  digest  or 
assimilate.  His  personality,  his  reaction  on  subjects 
taught,  must  be  kept  in  mind  all  the  time.  This 
reaction  is  manifested  in  the  amount  of  interest 
shown  on  his  part,  and  in  the  measure  of  his  co- 
operation with  the  teacher.  In  short,  the  method  of 
teaching  must  be  in  accord  with  human  nature,  must 
be  psychological. 

Second— Requirements  of  a  psychological  method 
are  as  follows:* 

(a)  The  student  must  be  given  time  and  oppor- 
tunity to  make  his  choice  among  several  possible 
professions,  or  at  least  among  the  ditferent  branches 
of  engineering.  This  he  ought  to  do  before  going 
into  the  details  of  his  specialty. 

(b)  After  the  student  has  selected  a  sjDecialty,  he 
ought  to  be  given  a  general  descriptive  course  in  it, 
in  which  he  is  introduced  into  the  various  branches 
of  his  future  work,  and  is  made  to  understand  the 

*  While  reading  the  requirements  enumerated  below,  the  reader  will 
do  well  to  refer  to  the  table  of  courses  at  the  end  of  the  article,  in  order 
to  see  the  way  in  which  the  principles  advocated  may  be  incorporated 
in  a  schedule  of  instruction. 
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necessity  for  certain  auxiliary  studies,  such  as  mathe- 
matics,  physics,   chemistry,   etc. 

(c)  In  the  early  part  of  the  course  auxiliarj^  sci- 
ences should  not  be  taught  more  than  necessary  for 
an  understanding  of  the  engineering  studies ;  the  bulk 
of  mathematics,  physics,  and  chemistry  should  be 
relegated  to  the  latter  part  of  the  course,  where  they 
will  furnish  a  beautiful  discipline  for  the  mind,  and 
a  powerful  tool  for  advanced  work.  In  other  words: 
do  not  sharpen  the  tools  long  before  there  is  anything 
to  cut,  and  first  teach  the  student  to  use  well  a  few 
simple  tools. 

(d)  Use  theory  to  explain  and  to  unify  observed 
facts,  but  do  not  teach  theory  before  the  student  has 
learned  enough  facts  to  make  their  coordination  nec- 
essary. Otherwise,  theory  becomes  a  series  of  empty 
vessels  of  all  kinds  of  whimsical  forms,  with  no  sub- 
stance to  fill  them. 

Third— Some  of  the  objections  to  the  present 
method  of  teaching  engineering  are  as  follows: 

(a)  The  student  is  given  no  time  or  opportunity 
to  select  his  profession,  except  on  the  basis  of  scat- 
tered and  unreliable  information  that  he  gathered  him- 
self. Many  a  man  selects  a  vocation  for  which  he  is 
not  well  fitted,  and  suffers  the  consequences  thereof 
all  his  life. 

(h)  The  student  is  not  given  at  the  very  start  a 
general  descriptive  course  in  his  specialty,  nor  is  he 
informed  of  the  place  which  various  auxiliary  studies 
occupy  in  his  curriculum.  So  he  follows  his  studies 
on  authority  and  faith,  rather  than  seeing  himself 
their  correlation. 

(c)     Mathematics,     physics,     and     chemistry     are 


268         THE    COXCEXTKIC    METHOD   IX    ENGINEERING. 

crowded  into  the  earlier  part  of  the  course,  it  being 
taken  for  granted  that  they  are  necessary  for  the 
understanding  of  the  engineering  studies.  As  a  mat- 
ter of  fact,  hardly  one  tenth  of  the  material  studied 
is  used  afterwards  in  engineering;  the  rest  consti- 
tutes dead  ballast,  which  is  forgotten  by  the  senior 
year,  just  when  it  ought  to  be  of  practical  use. 

(d)  Abstract  theory  of  engineering  is  taught  too 
early  in  the  course,  before  the  actual  practice  and  the 
ultimate  ends  of  the  engineering  activity  are  clear  to 
the  student.  The  result  is  that  the  theory  remains 
unconnected  with  the  practical  side  of  the  profession, 
both  during  the  college  course  and  after  graduation. 

11.  The  Concentric  Method  of  Education  vs.  the 
Subject  Method.— First— the  concentric  method. 
The  method  of  instruction  which  satisfies  psycholog- 
ical and  pedagogical  requirements  may  be  properly 
called  the  concentric  method,  and  is  represented 
graphically  by  a  series  of  concentric  circles  in  Fig. 
2;  each  zone  comprising  as  far  as  possible  the  whole 
scope  of  a  given  specialty.  The  knowledge  repre- 
sented by  different  zones  differs  chiefly  in  the  degree 
of  specialization. 

During  the  freshman  year  (the  inner  circle)  the 
student  is  introduced  to  the  whole  scope  of  his  pro- 
fession, though  in  a  very  elementary,  popular  manner. 
The  next  year  (the  second  zone)  he  studies  the  same 
subjects  from  a  more  special  point  of  view.  The 
third  zone  rejDresents  the  same  subjects  still  more  ad- 
vanced, etc.  For  example,  in  applying  this  method 
to  the  study  of  history,  the  first  zone  would  repre- 
sent a  broad  sketch  of  the  destinies  of  different  na- 
tions; the  next  zone  would  be  a  more  detailed  treat- 
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ment  of  the  most  important  historical  periods;  the 
third  zone  may  include  a  critical  study  of  original 
sources  and  actual  remains,  and  the  fourth— the  phi- 
losophy of  history. 

Or,  in  studying  the  steam  engine,  the  first  circle 
corresponds  to  a  purely  descriptive  sketch  of  the 
operation  of  the  engine,  the  handling  of  it,  and  the 
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Fig.  2.     Concentrically  Widening  Student's  Mental  Horizon. 

troubles  connected  therewith;  the  second  circle  repre- 
sents a  more  detailed  study  of  the  parts,  and  an  ex- 
perimental investigation  of  the  accompanying  phe- 
nomena ;  the  third  year  would  comprise  the  theory 
of  these  phenomena  from  the  standpoint  of  thermo- 
dynamics, mechanics,  strength  of  materials,  etc.  The 
outer  zone  would  represent  design  and  special  in- 
vestigations. The  dotted  circles  on  the  diagram 
represent  advanced  post-graduate  work  and  sym- 
bolize infinity  of  knowledge. 
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Second— The  subject  method.  In  contradistinction 
to  this  system,  the  method  now  in  vogue,  or  the 
subject  method  is  represented  in  Fig.  3.  Here  the 
student  begins  his  freshman  year  by  studying  several 
subjects  of  an  abstract  character,  subjects  having  no 
obvious  relation  to  one  another.  They  are  in  part 
auxiliaries  to  subsequent  studies,  in  part  are  sup- 
posed to  develop  logical  thinking  and  imagination. 
The  subjects  introduced  in  the  second  year  are  based 
partly  on  the  studies  of  the  previous  year,  partly 
represent  a  new  departure,  but  again  their  relation 
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Fig.  3.     Lack  of  Svstem  in  the  Present  Way  of  Instruction 
(Subject  Method). 


to  the  principal  subject  of  study  is  not  sufficiently 
evident  to  the  student,  so  that  he  blindly  and  re- 
luctantly follows  the  program,  instead  of  actively 
cooperating  with  the  teachers. 

In  the  third  year  begin  the  professional  studies, 
based  on  the  sciences  absorbed  during  the  first  two 
vears.     But  these  professional  studies  are  again,  as 
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a  inile,  of  too  academic  a  character,  too  abstract;  the 
\vhole  underlying  idea  of  the  present  system  is  that 
practical  applications  must  follow  the  general  theory. 
Thus  only  in  his  senior  year  does  the  student  come 
to   the  practical  side  of  his  profession. 

Some  of  the  courses  of  study  in  the  scheme  shown 
in  Fig.  3  are  not  connected  with  any  subsequent 
studies,  or  are  connected  to  advanced  problems  only 
(the  dotted  lines),  which  hardly  one  student  out  of  a 
hundred  takes.  Nevertheless,  all  students  are  re- 
cj[uired  to  take  these  preparatory  courses. 

It  is  particularly  unfortunate  that  the  student  does 
not  realize  the  necessity  for  many  of  his  studies  dur- 
ing his  college  years,  and  that  the  significance  of 
some  of  them  remains  for  him  an  enigma  through 
life. 

Third— The  correct  way  of  educating  engineers  is 
from  practice  to  theory. 

(a)  The  concentric  arrangements  of  courses  in 
electrical  engineering,  shown  in  the  table  at  the  end 
of  the  article,  is  also  represented  diagrammatically 
in  Fig.  4.  The  shading  is  shown  growing  darker 
from  the  freshman  to  the  senior  year;  this  signifies 
a  gradual  change  from  description  and  practical  in- 
struction into  theory  and  analysis.  The  proportion 
of  the  time  allotted  to  the  specialty  (in  this  case 
electrical  engineering)  is  gradually  increased,  as  well 
as  the  time  devoted  to  the  auxiliary  sciences  (mathe- 
matics, physics,  and  chemistry).  On  the  other  hand, 
the  time  for  the  related  specialties  (in  this  case 
mechanical  engineering)  and  for  general  culture  is 
gradually  reduced.  Moreover,  all  groups  of  studies 
are  carried  throughout  the  course,   so  that  the  stu- 
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FROM  PRACTICE  TO  THEORY 


[ffflir^ 


GENERAL  CULTURE 


1ST.  2\j.  3R3.  <---.  cTr.  VEiRS 

Fig.  4.     Ariangement  of  Subjects  of  Study  According  to  the  Concentric 
Method   (from  Practice  to  Theorv). 

dent  becomes  thoroughly  familiar  -^th  the  methods 
of  reasoning  in  each  gi'oup,  and  is  not  allowed  to 
forget  any. 

(h)  In  contrast  to  the  above,  the  general  arrange- 
ment of  courses  now  in  vogue  is  shown  in  Fig.  5.  The 
darkest  shading  here  is  in  the  freshman  vear,  and  the 


FROM  THEORY  TO  PRACTICE 


1ST.  2NCI.  3=.:.  4Tr.  cTri.  YEARS 

Fig.  5.     Arrangement  of  Subjects  of   Study  Aceoraing  to  the  Present 
Method   (from  Theory  to  Practice). 
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general  trend  is  from  theory  to  practice.  The  first 
two  or  three  years  are  filled  with  detached  auxiliary 
sciences,  which  are  coordinated  only  in  a  small  meas- 
ure with  the  engineering  studies,  and  which  for  the 
most  part  are  not  used  at  all.  Besides,  the  student  is 
not  taught  the  engineering  courses  long  enough  to 
assimilate  even  the  fundamental  notions  thoroughly. 
Time  is  important:  cramming  a  subject  into  one  or 
two  years  does  not  help  to  assimilate  it;  though  the 
same  subject  is  easily  mastered  if  studied  continually 
throughout  four  or  five  years,  even  though  but  a 
moderate  amount  of  time  is  devoted  to  it  each  year. 

III.  Some  Objections  to  the  Concentric  Method 
Ansivered.—Yir&i — Descriptive  courses  in  the  fresh- 
man and  sophomore  years  are  of  necessity  super- 
ficial. That  which  seems  superficial  and  of  every 
day  occurrence  to  us,  can  be  made  deep,  inter- 
esting and  stimulating  enough  for  the  beginner. 
Moreover,  the  principal  object  of  these  courses 
is  to  make  clear  to  the  beginner  the  scope  of 
his  future  profession  and  the  correlation  and  signifi- 
cance of  various  disciplines  which  he  is  about  to 
undertake.  This  adds  to  the  efficiency  of  instruction 
and    develops    student's    professional    consciousness. 

Second— TFz^/i  the  concentric  method  certain  facts 
and  relations  have  to  he  repeated  two  or  more  times 
during  the  course;  this  involves  loss  of  time.  The 
author  considers  repetition  one  of  the  advantages  of 
the  concentric  method,  and  not  open  to  objection 
It  is  unpsychological  to  learn  the  principle  and  the 
details  of  a  subject  at  the  same  time,  and  then  to 
forget  both.  We  see  the  results  of  such  procedure 
with   our   graduates,    who    often   retain    insignificant 
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details  and  forget  the  fundament-al  relations.  TTtih 
the  concentric  method,  the  underlying  principles  are 
each  year  refreshed  in  memory,  every  time  from  a 
more  advanced  point  of  viev^  and  with  new  applica- 
tions. Said  the  old  wisdom  "  repetitio  est  mater 
studiorum"  (repetition  is  the  mother  of  studies). 

Third— Engineering  cannot  be  taught  properly 
icithout  a  preceding  Jinoivledge  of  mathematics,  phys- 
ics, mechanics  and  chemistry.  This  is  true  to  some 
extent,  and  the  author  emphasizes  the  importance  of 
these  sciences  by  demanding  their  study  throughout 
the  whole  course.  He  objects  only  to  teaching  them 
long  before  they  are  needed,  without  any  connection 
with  the  following  courses  in  engineering.  The 
engineering  given  during  the  first  term  of  the  first 
year  must  be  mainly  based  on  the  high-school  knowl- 
edge of  mathematics  and  physics;  a  few  additional 
facts  and  relations  can  be  given  immediately  in  the 
engineering  courses  themselves,  in  an  interesting  and 
connected  way,  with  the  applications.  The  same 
method  may  be  followed  during  the  first  two  years, 
the  few  necessary  mathematical  relations  and  facts  of 
nature  being  given  in  the  corresponding  engineeiing 
courses.  At  the  same  time  special  courses,  such  as 
"calculus  for  engineers"  are  begun,  with  illustra- 
tions from  engineering  and  physics,  tending  to  make 
the  mathematical  reasoning  clear  and  useable.  Then, 
beginning  with  the  third  year,  after  the  student  has 
learned  the  fundamental  notions  of  mathematics, 
mechanics,  physics  and  chemistry  in  a  somewhat 
disjoiated  and  intuitive,  but  tangible  way,  in  connec- 
tion with  practical  applications,  he  is  ready  to  gen- 
eralize and  to  systematize  his  knowledge  by  means  of 
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special  courses  in  these  subjects.  His  engineering 
studies  also  become  more  and  more  theoretical,  so 
that  he  really  needs  more  and  more  auxiliary  sci- 
ences. It  becomes  then  merely  a  matter  of  coopera- 
tion between  the  teachers  to  arrange  the  courses  so 
that  theory  precedes  the  applications  by  a  few  weeks 
or  a  term. 

Fourth— TFi^/i  the  present  method  a  student,  not 
fitted  for  mathematical  reasoning,  drops  out  during 
the  first  or  second  year,  while  with  the  concentric 
method  he  mag  manage  to  drag  almost  through  the 
whole  course  and  only  find  his  inability  during  the 
last  year.  To  this  the  author  replies  that  with  the 
present  system  many  an  able  student,  who  would 
have  done  honor  to  the  profession,  is  dropped  at  the 
beginning  of  the  course,  due  to  his  inability  to  get 
through  abstract  mathematics  and  mechanics.  He 
may  be  a  man  of  a  practical  turn  of  mind,  just  the 
kind  of  man  to  be  valuable  in  the  profession;  he 
might  not  have  had  any  trouble  with  the  same  sub- 
jects if  they  were  given  later  on  in  the  course,  in 
connection  with  their  applications  to  engineering. 
On  the  other  hand,  a  man  with  a  marked  analytical 
faculty,  who  ought  to  become  a  mathematical  phys- 
icist, and  not  an  engineer,  now  successfully  masters 
the  first  two  or  three  years  of  the  course,  only  to  be 
disappointed  in  the  end  when  he  comes  to  the  prac- 
tical side  of  it.  "With  the  concentric  method  such  a 
student  would  drop  the  course  at  the  very  beginning, 
having  had  a  glimpse  at  the  practical  side  of  the 
engineering  profession.  In  short,  the  advantage  of 
the  concentric  method  is  that  the  student  sees  the 
true  character  of  his  future  activity  from  the  start, 
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and  not  at  the  end  of  the  course.  AVith  the  present 
method  large  amonnts  of  mathematics,  mechanics, 
physics  and  chemistry  stand  between  him  and  engi- 
neering proper.  They  stand  as  a  horde  of  ferocions 
guardian  giants  of  old.  whom  he  has  to  conquer  be- 
fore he  can  be  united  with  his  beloved  princess. 

Fifth— The  concentric  method  taJces  away  the  solid 
mental  training  and  the  development  of  character 
afforded  by  hard  abstract  studies  and  by  the  un- 
pleasant drudgery  of  the  present  method.  This  is  not 
so :  the  concentric  method  gives  a  better  opportunity 
for  a  strict  logical  training,  because  it  relegates  it  to 
the  last  two  or  three  years  of  the  course,  when  the 
student  has  not  only  the  form,  but  also  a  tangible 
content  for  his  premises  and  conclusions.  In  engi- 
neering a  certain  amount  of  drudgery,  such  as  di'aft- 
ing,  shop  work,  taking  readings  in  a  laboratory,  etc., 
is  not  to  be  dispensed  with.  Teachers,  who  believe 
that  a  large  amount  of  drudgery  and  routine  work 
affords  a  good  training  in  character,  will  always  find 
a  sufficient  opportunity  with  any  arrangement  of 
courses  whatever. 

Sixth— T/^e  introduction  of  the  concentric  method 
means  such  a  radical  change  in  schedules,  in  equip- 
ment, ayid  in  the  character  of  instruction,  that  hardly 
any  college  with  established  courses  can  afford  it. 
However,  the  change  is  not  as  difficult  as  may  seem 
at  first,  considering  that  only  freshman  courses  need 
to  be  changed  the  first  year,  only  sophomore  courses 
the  second  year.  etc..  so  that  the  total  rearrangement 
takes  five  years.  A  year  in  advance  of  the  proposed 
change  one  of  the  professors  of  electrical  engineering 
is  requested  to  prepare  a  general  descriptive  course 
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in  electrical  engineering  for  freshmen,  with  lantern 
slides,  simple  experiments,  etc.  One  of  the  pro- 
fessors of  power  engineering  is  asked  to  prepare  a 
similar  course  in  prime  movers,  and  so  on.  Each 
department  easily  takes  care  of  its  new  courses,  and 
with  a  proper  cooperation  of  all  concerned  the  change 
is  accomplished  without  difficulty. 

Discussion. 

Dean  Kent:  I  obtained  Professor  Karapetoff's 
paper  published  some  six  months  or  more  ago  and 
was  so  much  interested  in  it  that  I  sent  it  around  to 
the  heads  of  our  departments  and  asked  each  one  to 
give  his  idea  of  the  paper.  I  received  back  three  or 
four  letters  expressing  the  greatest  difference  of 
opinion— one  man  saw  one  side  of  it,  and  another 
another  side  of  it;  some  approved  of  it  in  chief  and 
differed  in  part,  and  some  condemned  it  almost  in 
the  whole,  but  said  there  were  a  few  gems  of  good 
thought  in  it.  I  told  them  afterwards  that  I  did 
not  want  the  paper  criticized  to  find  fault  with  it  but 
to  find  the  gems  in  it. 

Professor  Karapetoff  has  outlined  a  method  of 
thinking  in  regard  to  engineering  subjects  which  we 
must  think  about  in  the  future.  He  has  expressed 
a  new  idea  in  engineering  education  and  one  which 
we  should  consider  carefully.  My  own  mind  has  run 
somewhat  in  the  same  direction,  and  I  proposed  to 
our  engineering  department  that  we  should  prepare 
a  course  of  engineering  for  freshmen;  that  we  should 
give  talks  to  the  freshmen  and  give  them  broad,  out- 
line views,  pictures,  lantern  slides,  or  anything  that 
will  be  interesting,  and  that  the  same  be  done  by  all 
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the  other  engineering  courses.  I  believe  that  then  the 
students  would  be  able  to  make  a  more  suitable  selec- 
tion of  their  courses  than  they  now  do. 

Professor  Woodward:  I  think  our  universities  are 
for  the  whole  country,  for  the  whole  youth,  and  it 
is  not  anything  against  a  boy  that  he  comes  to  the 
university  with  a  limited  knowledge  of  what  the  world 
has  to  offer,  or  of  what  engineering  is.  I  am  glad 
to  say  that  we  leave  the  door  open  to  the  young  man 
as  to  what  course  he  should  take.  I  am  utterly 
opposed  to  an  early  selection  of  a  course  of  study; 
I  would  like  to  postpone  it  at  least  till  the  third  year 
of  the  courses.  When  a  boy  has  finished  his  high 
school  course  and  comes  into  the  university,  he  does 
not  know  what  he  is  good  for  nor  what  the  thing  is 
that  he  said  he  was  going  to  study.  He  properly 
leaves  the  decision  open;  he  leaves  the  doors  open, 
and,  while  I  cannot  wholly  endorse  the  last  paper 
throughout,  I  believe  that  the  writer  of  it  has  a  good 
theory  and  that  he  has  given  many  good  points. 

Professor  Karapetoff:  The  amount  of  time  neces- 
sary for  instruction  is  not  larger  with  the  method 
suggested  than  with  the  present  method  of  study; 
I  cannot  see  that  a  change  in  the  method  would  make 
necessary  an  increase  in  the  number  of  teachers.  I 
would  also  add  that  at  the  age  of  seventeen  or 
eighteen  you  can  just  as  well  teach  the  first-year 
students  cyclopedia  of  law,  and  of  medicine,  so  that 
they  would  not  even  be  required  to  take  up  engineer- 
ing if  they  found  something  else  more  to  their  taste. 
After  a  year,  they  can  then,  if  they  choose,  go  on  with 
their  medicine  or  law.  This  gives  the  boys  a  chance 
to  select  their  profession  intelligently. 


TWO    YEARS    OF    THE    COOPERATIVE     ENGI- 
NEERING COURSES  AT   THE   UNIVERSITY 
OF  CINCINNATI. 

BY    HERMAN    SCHNEIDER, 

Professor  of  Civil  Engineering  and  Dean  of  the  College  of 
Engineering,  University  of  Cincinnati. 

This  paper  will  attempt  to  set  forth  briefly  a  few  of 
the  principal  features  developed  during  the  two  years 
of  operation  of  the  cooperative  courses  at  the  Uni- 
versity of  Cincinnati.  For  the  infoiTQation  of  those 
who  are  not  familiar  with  this  system  a  short  state- 
ment of  it  will  be  given. 

The  cooperative  courses,  as  now  operated,  contem- 
plate that  a  student  shall  work  alternate  weeks  in  a 
mechanical,  chemical,  or  electrical  factory  in  Cincin- 
nati, and  at  the  College  of  Engineei*ing  of  the  Uni- 
versity of  Cincinnati.  The  class  is  divided  into 
two  sections,  which  alternate  with  each  other  during 
the  collegiate  year.  During  the  summer  students  are 
employed  in  the  shops  full  time,  but  are  given  a  vaca- 
tion of  about  three  weeks.  The  course  in  the  shop 
is  carefully  planned,  and  in  general  the  students' 
work  is  from  the  raw  material  to  the  finished  product 
sold.  They  are  paid  for  this  shop  work  on  a  scale  of 
wages  which  begins  at  ten  cents  per  hour  and  in- 
creases at  the  rate  of  one  cent  per  hour  every  six 
months,  making  the  total  earnings  of  the  course  about 
$1,800. 

The  course  is  six  years  long,  and  is  just  as  thor- 
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ough,  broad  and  cultural  as  tlie  regular  four-year 
course  and  has  the  same  entrance  requirements.  Ap- 
plicants for  positions  in  this  work  are  required  to 
enter  the  shops  about  the  first  of  July  preceding  their 
entrance  to  the  university-  and  must  satisfy  the  shop 
owners  as  to  their  integrity,  zeal,  stamina  and  adap- 
tability before  they  will  be  accepted  by  the  univer- 
sity in  the  fall.     This,  briefly,  is  the  cooperative  plan. 

AVhen  the  course  was  begun  two  years  ago,  about 
thirty  manufacturers  agreed  to  make  the  experi- 
ment. At  the  present  time  there  is  only  one  shop 
of  any  size  in  the  city  of  Cincinnati  and  vicinity  which 
will  not  gladly  accept  these  student-apprentices. 
The  plan  has  worked  with  the  utmost  smoothness  in 
all  the  cooperating  shops  excepting  one.  This  shop 
has  its  main  office  in  another  city,  and  during  the  two 
years  of  the  cooperation  there  have  been  three 
changes  in  the  management  of  the  local  shop.  For 
this  reason  the  cooperation  has  not  been  as  friction- 
less  as  desired.  TTith  this  exception,  however,  manu- 
facturers are  entirely  satisfied  that  the  system  is  a 
thorough  success.  The  course  was  started  at  a  period 
of  high  prosperity  and  has  worked  smoothly  during 
the  depression.  Xo  students  have  been  thrown  out  of 
work,  even  temporarily,  but  on  the  contrary  the  manu- 
facturers are  asking  us  for  additional  men  for  next 
year. 

The  cooperation  of  the  employers,  contraiy  to  many 
predictions,  has  been  cordial,  intelligent  and  far- 
sighted.  The  supremacy  of  Cincinnati  in  the  manu- 
facture of  certain  kinds  of  machinery  is  not  astonish- 
ing, in  view  of  the  character  of  the  men  who  have 
organized  and  who  manage  its  shops.     The  writer  is 


COOPERATIVE     ENGINEERING     AT     CINCINNATI.       281 

of  the  opinion  that  a  more  progressive  or  broader- 
minded  set  of  manufacturers  can  not  be  found. 

When  the  first  year  the  course  was  put  into  opera- 
tion, about  sixty  young  men  came  to  the  university 
to  inquire  concerning  it.  Of  these  forty-five  went  into 
the  shops,  and  when  the  university  opened  in  the 
fall  twenty-eight  were  left.  The  second  year  there 
were  eight  hundred  inquiries  and  applications;  from 
these  sixty  were  selected  and  sent  into  the  shops,  and 
when  the  college  opened  in  September  forty-four  were 
recommended  to  us  and  started  their  university  work. 
This  year  the  applications  and  inc[uiries  approximate 
two  thousand;  from  this  number  we  expect  to  select 
less  than  one  hundred  men,  and,  judging  from  last 
year's  experience,  about  two  thirds  of  these  will  begin 
the  course  in  the  fall. 

It  will  be  evident  that  the  selection  from  this  large 
number  is  one  of  the  most  serious  and  important 
problems  which  we  have  to  meet,  and  the  work  of 
selection  has  opened  our  eyes  to  some  features  of 
engineering  education  which  we  believe  will  be  in- 
teresting and  instructive  to  the  teaching  profession. 

Seventy-five  per  cent,  of  the  applications  are  from 
young  men  who  desire  to  become  electrical  engineers. 
As  far  as  possible,  every  prospective  student  is  per- 
sonally interviewed,  and  upon  his  statement  that  he 
desires  to  become  an  electrical  engineer,  he  is  im- 
mediately asked,  ''Why?"  The  answers  usually 
indicate  that  the  student  has  one  of  two  ideas:  first, 
he  has  read  that  this  is  the  electrical  age  and  that 
a  man  in  order  to  acquire  money  in  the  future  must 
be  an  electrical  engineer.  His  impression  is  that  an 
electrical  engineer  is  one  who  does  spectacular  things. 
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He  lias  what  we  have  come  to  call  the  "dazzle  idea'': 
to  Tise  a  phrase  of  the  day.  his  conception  seems  to 
be  that  electrical  engineering  is  a  series  of  bizarre 
"stunt-s."  As  to  the  hard  and  tedious  problems 
which  confront  the  electrical  engineer,  he  has  abso- 
Intelv  no  idea.  The  second  class  are  those  who  think 
that  electrical  engineering  is  wiring  a  house.  It  is 
astonishing  how  many  high  school  graduates  have 
this  conception.  In  the  interviews  the  real  object  of 
the  electrical  engineer's  career  is  pointed  out  to  the 
young  man  and  he  is  told  what  the  six  years'  co- 
operative course  mear.^  in  Lard  and  laborious  shop 
work.  Many  of  the  applicants,  of  course,  withdraw 
when  they  leani  that  electrical  engineering  is  not  a 
pyrotechnic  display,  or  when  they  are  told  that  they 
can  learn  how  to  wire  a  house  in  six  weeks  at  a  night 
school,  A  considerable  number  also  surrender  to 
mental  cowardice  in  the  matter  of  dir-ty  work,  long 
hours,  and  shop  discipline.  If  we  can  get  one  good 
mam  sound  mentally,  sound  physically  and  tempera- 
mentally adapted  to  the  profession,  out  of  twenty-five 
applicants,  we  consider  that  we  are  doing  fairly  well. 

Yet  this  is  the  material  wiiich  enter?  ouv  engineering 
schools,  with  the  same  distorted  ideas :  and  so  far  as 
the  writer  knows,  our  colleges  do  not  tell  them  what 
electrical  engineering  really  means.  I  venture  the 
assertion  that  if  a  thorough  canvass  were  made  of 
freshman  electrical  engineers,  throughout  the  country. 
the  majority  of  them  would  be  foimd  to  have  the 
"dazzle  idea," 

In  mechanical  engineering  applicants  seem  to  have 
a  better  grasp  of  what  the  words  mean,  and  we  get  one 
ofood  man  in  about  ten.     In  chemical  en2n.neerin2:  the 
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same  fairly  good  knowledge  of  the  intent  of  the  course 
is  shown. 

In  selecting  a  student  the  question  in  the  mind  of 
the  writer  has  always  been:  "Is  this  young  man  be- 
fore me  the  kind  of  a  man  on  whom  the  university 
should  spend  about  $1,600?"  This  brings  up,  as  you 
will  see,  the  whole  problem  of  the  economics  of  engi- 
neering education.  The  scope  of  this  paper  will  not 
permit  as  thorough  a  discussion  of  this  subject  as 
should  be  given  it,  but  the  essential  ideas  may  be 
outlined.  It  costs  any  self-respecting  institution 
about  $2,000  for  every  student  it  graduates.  The 
student  pays  to  the  school  from  $200  to  $1,000  for 
his  instruction.  The  school,  therefore,  expends  on 
the  student  anywhere  from  $1,000  to  $1,800.  This 
money  is  obtained  either  from  endowments  or  from 
taxes.  In  either  case  it  is  a  public  trust,  held  by  the 
trustees  of  the  school,  to  be  used  by  the  faculty  for 
the  benefit  of  the  public  through  the  education  of 
young  men.  If  we  are  going  to  spend  from  $1,000 
to  $1,800  on  every  graduate,  is  it  not  a  reasonable 
business  proposition  to  select  the  men  on  whom  the 
money  is  to  be  expended? 

The  criterion  which  we  have  adopted  may  be  stated 
as  follows:  Only  that  man  should  receive  a  higher 
education  who  would  in  all  probability  be  successful 
without  it;  and  this  is  really  the  basis  of  our  selection 
as  far  as  human  judgment  and  careful  observation 
can  make  it.  There  is  nothing  more  helpless  and 
hopeless  than  the  educated  "mollycoddle,"  and  there 
is  nothing  in  all  our  educational  system  so  wasteful 
as  the  present  scheme  whereby  any  young  man  who 
has    the   money,    and   enough   brains    merely   to    get 
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through  certain  mental  work,  is  given  training,  which 
is  denied  to  a  young  man  of  much  superior  general 
ability,  because  of  a  lack  of  funds.  Parenthetically 
it  may  be  stated  here  that  a  large  proportion  of  the 
failures  in  the  course  have  been  city-bred  boys; 
country  boys  as  a  rule  ''make  good."  As  a  matter 
of  fact,  some  of  our  largest  concerns  will  not  accept 
city-bred  boys  in  the  futare. 

There  is  no  additional  expense  in  the  cooperative 
system  by  reason  of  the  alternation  except  in  the 
lecture  courses,  for  all  classes  must  be  subdivided 
into  sections  of  about  twenty  men  each,  and  it  does 
not  matter  whether  the  first  section  is  taught  this 
week  and  the  second  next,  or  whether  the  first  is 
taught  at  10:30  and  the  second  at  11:30  o'clock  on 
the  same  day.  The  lectures,  of  course,  must  be  re- 
peated, but  the  preparation  for  the  lecture  is  the  same. 

There  is,  however,  a  large  measure  of  economy  in 
the  cooperative  course  by  reason  of  the  fact  that  the 
university  is  not  required  to  equip,  maintain  and 
supervise  practice  shops.  The  manufacturing  shops 
of  Cincinnati  are  the  practice  shops  of  the  university, 
and  the  student,  instead  of  paying  us  for  instruction, 
receives  much  superior  training  in  the  factories  and 
is  paid  for  his  work.  Engineering  laboratories  can 
be  cut  down  in  equipment  to  a  certain  extent  without 
any  loss  in  efficiency,  for  the  testing-rooms  and 
engine-rooms  of  the  commercial  shops  become  in  a 
measure  our  engineering  laboratories. 

Let  me  summarize  in  a  condensed  form  a  statement 
of  the  additional  expense  under  the  cooperative  sys- 
tem, as  compared  with  the  reduction  under  that 
system : 
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Additioxal  Expense  under  the 
Cooperative  System. 
1.  All  lecture  courses  must  be 
given  twice.  (Note  that  the 
preparation  is  the  same  for  the 
two  lectures  as  for  the  one  lecture, 
since  each  lecture  is  merely  re- 
peated.) This  increase  in  cost  can 
be  computed. 


Reduction    of    Expenses    under 
THE  Cooperative  System. 

1.  The  equipment  and  mainte- 
nance of  shops  including  instruc- 
tion. This  reduction  in  cost  can 
be  computed. 

2.  A  cooperative  student  attends 
the  university  one  half  time  for 
six  years,  or  full  time  for  three 
years.  In  time,  therefore,  there  is 
a  saving  of  one  year  over  the  four- 
year  course.  This  reduction  can 
only  be  estimated,  and  is  partly 
included  in  1. 

3.  The  cooperative  course  has 
students  who  are  in  dead  earnest. 
Further,  they  have  practical  ex- 
perience. As  a  result  they  get 
much  more  out  of  the  same 
amount  of  theory  than  the  four- 
year  students  do.  In  other  words, 
the  eflSciency  of  the  instruction 
per  hour  is  increased.  This  factor 
can  be  only  roughly  determined. 

4.  In  the  cooperative  course  the 
weaker  brother  is  eliminated  be- 
fore he  enters  college.  In  the  four- 
year  course  he  is  eliminated  dur- 
ing the  first,  second,  and  third 
years.  In  the  former  case  the  raw 
material  is  carefully  selected.  In 
the  latter,  little  attention  is  given 
to  the  raw  material  except  as 
defects  show  in  the  making  of  the 
product — that  is,  after  expensive 
work  has  been  done  on  it.  This 
reduction  in  "  factory  losses  "  can 
be  determined  but  roughly  at  the 
present  time. 

It  is  hard  to  make  an  accurate  determination  of 
the  relative  efificiency  of  instruction  in  the  four-year 
and  the  cooperative  courses.  The  records  in  one  or 
two  subjects,  however,  will  indicate  about  what  this 
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would  be.  In  calculus,  for  instance,  not  one  of  the 
cooperative  students  failed.  The  lowest  grade  re- 
ceived by  any  cooi:>erative  student  was  73  per  cent. 
(60  being  the  passing  grade  and  100  the  maximum), 
and  one  half  of  the  class  received  over  90  per  cent. 
In  the  regrdar  four-year  engineering  course,  on  the 
contrary,  about  twenty  per  cent,  of  our  students 
failed  in  calculus  and  few  received  a  grade  above  90 
per  cent.  In  this  connection  the  fact  should  be  noted 
that  the  examination  given  to  cooperative  students 
was  harder  than  that  given  to  regular  students.  In 
chemistry  the  cooperative  students  and  the  regular 
students  have  the  same  examination,  answering  ex- 
actly the  same  questions.  Xinety  p^er  cent,  of  the 
cooperative  students  passed:  and  about  eighty  p-er 
cent,  of  the  regnilar  students  did  so.  This  need  not 
be  astonishing,  for.  with  but  few  exceptions,  the  co- 
operative course  is  not  carrying  any  dead  wood.  It 
will  be  seen,  therefore,  that  since  the  efficiency  of  the 
instructor  depends  primarily  upon  the  amount  of 
actual  substance  absorbed  by  the  class,  it  is  increased 
very  considerably  in  the  cooperative  courses. 

When  this  system  was  started  two  years  ago  many 
questions  of  detail  arose.  For  instance,  the  matter 
of  the  rearrangement  of  the  college  courses  was  taken 
up.  It  was  concluded,  however,  that  the  best  thing 
for  us  to  do  would  be  to  leara  by  ex]>erience.  The 
university  publishes  ctirricula.  but  it  must  be  definitely 
understood  that  these  are  not  exclusive  and  inflexible. 
As  a  matter  of  fact,  they  have  been  changed  radicaUy. 
and  since  the  last  publication  of  them  they  have 
undergone  fuilher  changes.  They  will  continue  to 
be  modified  for  years,  for  happily  we  ai-e  being  driven 
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from  traditional  methods  by  the  cooperative  students 
themselves.     Here  is  a  sample  of  what  happens: 

The  instructor  in  mathematics  covers  the  black- 
board with  the  demonstration  of  a  long  formula,  and 
when  he  has  finished  it  he  turns  to  the  class  and  asks, 
**Do  you  understand  that?"  The  class  replies  that 
it  does,  but  inquires  seriously,  ''"Wliat  shall  we  do 
with  it?"  This  has  happened  a  number  of  times,  and 
at  first  caused  much  annoyance  to  the  instructor ;  but 
when  it  was  pointed  out  to  him  that  if  a  thing  had 
no  use  it  was  useless  and  should  not  be  taught  in  an 
engineering  college,  light  dawned  on  him,  and  he 
now  spends  much  of  his  time  hunting  practical  ex- 
emplifications of  theory.  This  is  the  characteristic 
attitude  of  the  cooperative  student,  which  is  not  sur- 
prising. Our  four-year  students  are  accustomed  to 
being  handed  a  formula  which  they  hold  until  ex- 
amination time,  when  they  hand  it  back.  The  co- 
operative student  in  the  shop  is  handed  a  tool  and 
is  instructed  how  to  use  it.  He  uses  it,  hands  it 
back  to  the  tool-room,  and  thereafter  knows  where 
to  find  the  tool  and  how  to  use  it.  When  he  is 
handed  a  formula  or  a  theory  at  the  university  it  is 
a  matter  of  second  nature  to  him  to  exj^ect  to  be 
shown  how  to  use  that  formula  or  theory  prior  to 
his  handing  it  back.  Thereafter,  as  with  the  tool, 
he  knows  where  to  find  it  and  how  to  use  it. 

We  have  inaugurated  what  we  call  the  ''reverse 
quiz"  in  class.  Toward  the  end  of  the  hour  stu- 
dents are  given  permission  to  ask  any  questions  that 
have  a  bearing  upon  the  subject,  and  this  has  been 
perhaps  the  most  valuable  addition  to  our  system. 
It  is,  of  course,  uncomfortable  for  a  young  instructor. 
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but  if  he  is  the  kind  of  teacher  our  engineering  col- 
lege ought  to  have,  he  will  work  to  meet  the  situa- 
tion. If  he  is  not,  there  is  only  one  thing  for  him  to 
do.  The  shop  knowledge  of  the  student  has  demon- 
strated to  us  the  fact  that  some  of  the  instruction 
in  our  colleges  is  not  only  frequently  out  of  date,  but 
also  that  it  is  as  often  absolutely  wrong.  You  will 
observe  that  there  is  a  check  upon  the  instructor's 
work  which  can  not  be  had  in  any  other  way  except 
through  this  practical  knowledge  of  the  student. 

The  questions  of  these  young  men  have  caused  ns  to 
change  our  courses  and  will  cause  many  more  changes 
as  the  work  advances.  Mathematics,  for  instance, 
is  taught  as  one  subject,  the  fundamental  principles 
of  university  algebra,  trigonometry,  analytical  geom- 
etry, and  calculus  being  given  during  the  first  part 
of  the  freshman  year;  and  thereafter  anyone  formula 
is  derived  by  the  different  methods.  The  course  in 
mechanics  is  taught  as  part  of  the  course  in  calculus. 
Descriptive  geometiy  and  machine  drawing  will  here- 
after be  given  as  one  subject,  because  when  a  student 
was  fonnerly  given  a  problem  in  descriptive  geometry 
he  wanted  to  know  its  application,  and  when  told  the 
application,  wanted  to  know  whether  he  could  not  put 
it  at  once  on  the  same  sheet. 

It  will  be  seen,  therefore,  that  while  we  simply  took 
the  four-year  course  at  the  beginning  and  spread  it 
over  a  period  of  six  years,  we  are  changing  it  con- 
siderably, by  reason  of  the  experiences  which  we  have 
in  every-day  class  work. 

It  has  become  evident  also  that  it  will  be  necessary 
to  bring  some  of  the  engineering  work  down  into  the 
earlier  vears.     As  a  counterbalance  to  the  essentiallv 
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practical  attitude  of  the  student  we  have  inaugurated 
a  broadening  course  in  the  social,  economic,  industrial 
and  political  development  of  the  human  race,  together 
with  courses  in  biology  and  geology.  It  was  orig- 
inally intended  that  this  course  should  cover  a  period 
of  three  years,  but  we  are  now  inclined  to  give  it 
through  the  entire  six  years. 

The  alternating  periods  were  fixed  at  one  week 
tentatively,  and  this  has  proven  veiy  satisfactory. 
A  vote  of  the  students  was  recently  taken,  and  they 
were  unanimously  in  favor  of  the  one-week  period  as 
giving  them  the  proper  alternation  of  mental  and 
physical  work.  They  also  state  that  absence  from 
the  shop  for  more  than  a  week  allows  their  muscles 
to  become  soft,  and  for  this  reason  they  prefer  to 
continue  on  the  week  system.  The  shops  also  desire 
to  keep  this  period  of  one  week,  because  if  the  period 
were  made  longer  at  the  university  the  student  would 
lose  some  of  his  skill  by  the  time  he  returned  to  the 
shop.  It  has  been  definitely  concluded,  however,  that 
when  the  young  men  go  into  the  designing  and  sales 
offices— which  will  be  about  the  fifth  year— the  alter- 
nation will  be  by  semesters.  It  will  be  impossible 
for  a  young  man  to  work  in  a  designing  or  sales  office 
with  any  benefit  to  himself  or  to  the  firm  for  a  shorter 
period  than  six  months.  The  students  in  the  coopera- 
tive course  will  then  enter  the  regular  classes  at  the 
university,  when  a  better  comparison  of  the  work  of 
the  two  classes  of  men  can  be  made. 

Since  the  cooperative  student  is  at  the  university 
for  a  period  of  three  years,  as  compared  with  four 
years  of  the  regular  student,  it  became  evident,  of 
course,  that  he  would  be  required  to  do  more  actual 

(23) 
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class  and  laboratory  work  per  week  than  our  regular 
students.  Additional  hours  were  given  to  him  during 
his  alternate  week  at  the  university,  and  the  roster 
was  considered  by  some  of  our  faculty  to  be  too 
heavy.  At  the  end  of  the  first  year,  however,  the 
students  finished  without  any  seeming  effort  and  with 
much  better  records  than  did  our  regular  students. 

This  year  a  further  experiment  was  tried  by  the 
writer  on  the  freshman  cooperative  class  by  giving 
them  work  every  period  of  the  day  from  8:30  until 
5:00  oclock,  with  one  half  hour  for  lunch,  except  on 
Saturday  morning,  when  they  work  from  8:30  until 
10:30  o'clock.  This,  it  will  be  seen,  is  about  the 
heaviest  roster  the  student  can  possibly  carry.  At 
the  end  of  the  year  the  men  were  more  vigorous, 
mentally  and  physically,  than  they  were  in  September. 
They  were  more  active  in  university  social  affairs, 
athletics  and  general  student  life  than  the  regular 
students,  and  they  had  made  much  better  scholastic 
records.  This  seems  to  be  a  demonstration  of  the 
statement  that  "if  you  want  a  thing  done,  ask  the 
busy  man  to  do  it."  It  is  the  writer's  personal 
opinion  that  this  class  of  men  could  finish  all  the 
work  that  our  foui'-year  students  have,  in  a  five-year 
cooperative  course;  but  we  shall  continue  to  have  a 
six-year  course  and  shall  simply  put  in  such  additional 
subjects  as  these  students  are  peculiarly  equipped 
to  take  and  which  our  regular  four-year  students  can 
not  take  by  reason  of  a  lack  of  practical  knowledge. 

The  fundamental  principle  underlying  this  course 
is  based  upon  the  rational  assumption  that  the  proper 
way  and  the  only  way  for  a  young  man  to  learn  the 
practical  side  of  his  profession,  together  with  business 
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details  and  an  intimate  knowledge  of  the  labor  prob- 
lem, is  by  working  as  a  regular  employee  in  a  com- 
mercial shop;  and,  further,  that  the  only  place  where 
he  can  learn  properly  the  scientific  and  the  cultural 
subjects  is  at  a  school  under  trained  teachers.  This 
further  implies  that  the  school  work  and  the  practical 
work  should,  as  far  as  possible,  go  hand  in  hand,  so 
that  the  young  man  may  step  from  school  to  business 
just  as  readily  as  he  does  from  one  promotion  to 
another  in  after  life.  The  i>ei'iods  of  alteniation,  the 
course  through  the  shop,  the  wage  scale,  etc.,  are 
details  dependent  upon  local  conditions  entirely.  The 
writer  believes  this  principle  to  be  all-important  and 
to  apply  to  all  engineering  and  industrial  education. 

At  the  University  of  Cincinnati  there  is  no  coopera- 
tive course  in  civil  engineering,  because  the  local 
conditions  will  not  permit  it.  There  could  be  one, 
for  instance,  at  Pittsburg,  in  connection  with  the 
American  Bridge  Company  and  the  railroad  lines 
centering  in  that  city.  The  Pittsburg  school  could 
also  have  cooperative  courses  in  mechanical,  electrical, 
and  metallurgical  engineering.  At  Philadelphia  there 
could  be  courses  in  marine  engineering  and  naval 
architecture  as  well  as  in  mechanical  engineeiing. 
The  plan  contemplates  that  the  school  shall  have 
cooperative  courses  in  all  those  departments  which 
have  a  sufl5cient  number  of  industries  to  make  the 
operation  of  such  a  course  possible.  The  details  will 
be  matters  of  compromise,  as  they  are  with  us  at  the 
present  time.  An  eastern  enginering  school  about 
to  install  this  system  with  a  large  manufacturing 
plant  in  its  vicinity  contemplates  having  a  two  or 
three-week    alternation    system,    with    gradually    in- 
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creasing  periods  to  gi'aduation,  the  last  year  of  the 
cotirse  to  be  sj^ent  in  school.  As  stated  above,  this 
is  all  detail  and  simply  a  matter  of  local  conditions 
and  compromise.  Different  professors,  for  instance, 
will  disagree  as  to  what  shonld  be  given  to  these 
students  at  the  university,  but  all  courses,  as  a  matter 
of  fact,  whether  four-year  or  cooperative,  are  a 
matter  of  compromise.  Since  the  system  is  new, 
there  necessarily  will  be  many  changes  in  the  next  few 
years.  Particular  emphasis  is  placed  upon  this  fact 
because  of  criticisms  which  have  been  made  con- 
demning the  whole  course  on  account  of  some  im- 
material detail. 

In  conclusion.  i>ermit  me  to  call  your  attention  to 
the  fact  that  educational  methods  are  traditional. 
Oxford  and  Cambridge  were  an  outgrowth  of  the  old 
monastic  system  of  withdrawing  young  men  from  the 
world  for  religious  contemplation  and  literary  pur- 
suits. Tale.  Hai*vard  and  Princeton  were  patterned 
after  Oxford  and  Cambridge,  and  every  engineering 
college  of  today  is  an  offshoot  of  a  school  founded 
upon  this  old  academic  idea;  consequently  we  have 
the  absurd  system  today  which  withdraws  young  men 
from  all  contact  with  the  world's  work  to  prepare 
them  for  that  work. 

Every  scholastically  trained  man  at  first  objects  to 
this  cooperative  system,  for  the  simple  reason  that  it 
is  not  the  way  in  which  he  was  trained.  It  is  aston- 
ishing to  find  how  hard  it  has  been  to  overcome  this 
bias  of  tradition.  College  graduates  have  a  peculiar 
reverence  for  the  customs  and  forms  of  their  college 
days,  simply  because  they  were  in  the  college  environ- 
ment  at   the   impressionable    age:    consequently   any 
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plan  which  tends  to  change  radically  the  way  things 
were  done  when  they  were  in  college  meets  with  an 
opposition  which  is  based  on  sentiment  rather  than  on 
logic. 

But  putting  aside  for  the  time  being  the  question  of 
the  ultimate  destiny  of  the  cooperative  system  of  edu- 
cation, I  want  to  ask  and  have  you  answer  for  your- 
selves frankly  this  question: 

If  the  men  who  occupy  the  engineering  chairs  in, 
say,  the  three  best  engineering  institutions  of  this 
country  were  to  meet  with  the  chief  engineers  and 
the  general  superintendents  of  the  three  largest  elec- 
trical companies  of  the  United  States  to  plan  for  the 
instruction  of  young  men  in  the  professions  of  elec- 
trical and  mechanical  engineering,  and  if  they  did 
not  permit  themselves  to  be  hampered  by  the  prece- 
dents of  the  old  academic  system  and  biased  by  the 
methods  of  their  own  scholastic  preparations,  do  you 
suppose  they  would  de^4se  the  present  four-year 
system?  "Would  they  not,  with  their  knowledge  of 
the  requirements  which  an  engineer  should  fulfill, 
plan  a  course  which  did  not  teach  largely  from  books? 
Would  they  not  give  a  young  man  in  his  formative 
years  that  broader  education  of  life  which  breeds 
determination  from  the  doing  of  disagreeable  tasks; 
which  builds  a  physical  constitution  to  help  stand  the 
mental  stress  of  the  future;  which  moulds  a  spirit  of 
broad  toleration  by  daily  contact  with  the  inflexible 
limitations  of  man  as  the  Creator  has  made  him; 
which  stirs  initiative  to  accomplishment  by  ability  to 
do  as  well  as  to  think;  and  which  bases  the  value  of 
money  upon  work  eflficiently  done,  rather  than  upon 
the  pleasure  it  can  buy?  • 
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Would  they  so  plan  that  the  engineer  would  have 
the  narrow  one-sided  view-point  obtained  wholly 
from  books,  rather  than  the  clear  judgment  derived 
from  experience  properly  supplemented  by  instruc- 
tion? Would  they  devise  a  course  almost  entirely 
given  to  analytical  investigation,  or  would  they  in- 
corporate a  goodly  portion  of  constructive  action! 
"Would  they  not  plan  a  foundation  more  in  accordance 
with  the  specifications  which  that  great  philosopher 
Huxley  stated  in  his  definition  of  a  liberal  education! 
''That  man,  I  think,"  said  Huxley,  ''has  had  a  liberal 
education  whose  body  has  been  so  trained  in  youth 
that  it  is  the  ready  servant  of  his  will,  and  does  with 
ease  and  pleasure  all  that,  as  a  mechanism,  it  is  cap- 
able of;  whose  intellect  is  a  clear,  cold  logic  engine, 
with  all  its  parts  of  equal  strength  and  in  smooth 
running  order,  ready,  like  a  steam  engine,  to  be 
turned  to  any  kind  of  work  and  to  spin  the  gossamers 
as  well  as  forge  the  anchors  of  the  mind:  whose  mind 
is  stored  with  the  knowledge  of  the  great  fundamental 
truths  of  nature  and  of  the  laws  of  her  operations; 
one  who,  no  stunted  ascetic,  is  full  of  life  and  fire,  but 
whose  passions  have  been  trained  to  come  to  heel  by  a 
vigorous  will,  the  servant  of  a  tender  conscience; 
one  who  has  learned  to  love  all  beauty,  whether  of 
nature  or  of  art,  to  hate  all  vileness  and  to  esteem 
others  as  himself." 

Discussion. 

Professor  Woodward  :  I  would  like  to  ask  Professor 
Schneider  what  sort  of  electrical  and  mechanical  com- 
panies are  included  in  those  thirty  companies  which 
he  mentions  in  Cincinnati  which  take  pairs  of  students 
the  fii'st  year.     Also,   do  the   companies   which  take 
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students,  agree  to  give  them  what  you  might  call  a 
''course"  of  practical  study!  Is  that  "course"  ap- 
proved by  the  imiversity  authorities? 

Professoe  ScHNEmER:  I  stated  that  thirty  manu- 
facturers agreed  to  cooperate.  I  did  not  send  boys 
to  all  these  plants.  Some  of  the  companies  were: 
The  Bell  Telephone  Co.,  Cincinnati  Milling  Machine 
Co.,  Cincinnati  Planer  Co.,  Bullock  Electric  Co., 
Lodge  &  Shipley  Co.,  Cincinnati  Machine  Tool  Co., 
Cincinnati  Tool  Co.,  and  so  on. 

In  mechanical  engineering,  some  of  the  shops  can- 
not give  a  full  course,  on  account  of  having  no  foun- 
dry; in  such  a  case,  the  young  men  are  sent  from 
these  shops  to  other  shops  where  there  are  foundries. 

When  a  shop  is  given  apprentices,  there  is  a  con- 
tract which  is  signed  by  the  firm,  the  boy  and  the  uni- 
versity. The  first  clause  in  the  contract  has  a  blank 
space,  which  is  filled  out  with  the  entire  shop  work 
that  the  young  man  is  going  to  get  in  six  years;  the 
university  will  not  sign  until  that  statement  of  his 
work  is  satisfactory. 

Professor  Woodward:  I  am  deeply  interested  in 
this  matter,  partly  from  a  general  interest  in  such  an 
effort,  and  partly  because  Washington  University, 
being  in  a  great  city,  has  been  stirred  up  by  the 
Metal  Trades  Association  to  investigate  the  whole 
subject;  and  I  am  the  representative  of  the  univer- 
sity to  get  information.  When  I  get  back  I  shall  have 
a  meeting  immediately  with  the  Metal  Trades  Asso- 
ciation committee  to  talk  over  the  whole  plan  and  see 
what  we  can  do  in  the  city  of  St.  Louis,  because  it  is 
hoped  that  we  can  interest  an  entirely  new  set  of  stu- 
dents, a  set  that  otherwise  we  can  not  get  at  all.    We 
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have  room  enough  in  our  laboratories  and  in  our  lec- 
ture rooms  without  duplicating  any  of  them;  because 
every  one  of  them  is  idle  a  part  of  the  time  at  pres- 
ent; we  only  need  to  furnish  additional  teachers.  I 
would  like  to  ask  one  more  question.  In  starting  out 
did  you  have  any  difficulty  in  arranging  the  hours  of 
recitation  and  drawing,  and  in  getting  the  additional 
instruction  ? 

You  stated  that  the  sections  at  the  university  begin 
their  work  at  half-past  eight,  and  that  with  half  an 
hour  for  lunch  at  mid-day.  they  work  on  to  about  five 
o'clock,  and  yet  that  they  take  the  lead  in  college 
activities,  athletics,  etc.  When  can  they  find  time  to 
get  their  practice? 

Peofessoe  Schxeidee:  In  answer  to  the  first  ques- 
tion of  Professor  Woodward,  I  would  say  that  we  had 
no  difficulty  at  all.  Our  four-year  course  is  mapped 
out  regularly,  and  we  have  now  mapped  out  a  six-year 
cooperative   course;   there   is   no   confusion. 

In  answer  to  his  second  question,  I  would  say  that 
we  do  not  aUow  the  cooperative  students  to  play  on 
the  university  foot-ball  team,  but  suggested  that  they 
have  a  foot-ball  team  of  their  own. 

Deax  Jackson:  I  would  like  to  ask  a  question  or 
two.  The  college  with  which  I  am  connected  has 
been  having  certain  conferences  with  a  large  railroad 
corporation  in  regard  to  similar  courses,  but  we  are 
situated  directly  between  Philadelphia  and  Pittsburg. 
Mr.  Fred  Taylor,  an  ex-president  of  the  American 
Society  of  Mechanical  Engineers,  has  suggested  that 
possibly  good  results  can  be  accomplished  by  sending 
a  man  to  the  shop  at  the  end  of  the  freshman  year 
and  leaving  him  there  for  a  full  year,  and  that  after 
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that  year  the  same  thing  might  be  done  during  the 
vacations  of  the  remainder  of  the  college  course. 
This  does  not  connect  the  college  so  intimately  with 
the  industries  as  does  Professor  Schneider's  plan, 
but  it  seems  to  me  to  give  the  boy  a  good  practical 
appreciation  of  what  he  is  going  to  do  in  after-life, 
and  develop  in  him  a  proper  professional  spirit.  I 
should  like  an  expression  of  the  opinion  of  the  so- 
ciety upon  the  proposal  of  Mr.  Taylor,  and  also  as 
to  whether  his  system  is  not  especially  available  for 
colleges  at  a  distance  from  cities.  It  strikes  me  that 
Professor  Schneider's  method  eliminates  too  large  a 
number  of  students.  "We  have  got  to  educate  not  only 
those  who  can  pursue  Professor  Schneider's  course, 
but  must  include  larger  numbers  if  we  are  going  to 
prepare  enough  superintendents,  managers,  etc.,  to 
carry  on  the  industries  of  this  country.  I  am  a  firm 
believer  in  Professor  Schneider's  ideals;  I  think  he 
deserves  the  hearty  thanks  of  all  of  us.  The  move- 
ment, it  may  be  of  interest  to  recall,  is  merely  the 
repeating  of  history,  in  a  way,  because  after  the 
French  Revolution  the  newly  organized  industrial  es- 
tablishments of  France  had  intimately  connected  with 
them  eflBcient  industrial  schools  for  specialists.  These 
schools  advanced  France  more  quickly  to  the  front 
than  any  other  cause,  and  if  she  had  continued  to 
improve  her  eflBcient  system,  I  presume  that  Germany 
would  not  have  been  able  to  gain  upon  her  indus- 
trially, as  has  been  the  case  during  the  past  few 
years. 

Professor    ScHNEmER:     In    answer    to    Professor 
Jackson  I  would  cite  a  case  in  point:  We  are  about 
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to  cooperate  with  the  town  of  Da}i:oii,  which  is  about 
fifty-six  miles  away  from  us.  That  cooperative  sys- 
tem with  Dayton  came  about  through  some  young 
fellows  in  Dayton  who  wanted  to  enter  this  course 
but  did  not  have  money  enough  to  come  down  and 
stay  in  Cincinnati  all  the  time.  They  devised  a 
system  whereby  ''A"  would  be  in  Cincinnati  one 
week  occupjTUg  a  room,  and  "B"  would  be  down  the 
next  week  occupying  the  same  room  while  "A"  would 
go  home  and  work.  That  system  might  be  developed 
in  some  other  institutions.  However,  if  the  shops 
are  sixty  miles  away  from  the  university,  the  periods 
of  alternation  would  have  to  be  longer.  The  plan 
which  you  propose,  of  having  the  boy  work  a  year 
in  the  shops  at  the  end  of  his  freshman  year  and  then 
every  summer  thereafter,  is  an  advance  on  the  old 
method,  but  I  think  that  if  you  plan  for  more  intimate 
cooperation  you  can  get  more  out  of  the  shop  work. 
Professor  Cooley:  I  have  been  very  much  inter- 
ested in  Professor  Schneider's  paper.  I  have  known 
about  this  work  for  some  time  and  am  very  glad  he 
has  presented  such  a  paper  to  us.  In  developing  the 
good  features  of  this  course  in  Cincinnati  he  makes 
rather  a  sweeping  condemnation  of  the  so-called 
"old  style"  courses.  I  would  like  to  ask  whether 
the  success  which  has  attended  Professor  Schneider's 
efforts  in  Cincinnati  is  not  largely  an  outgrowth  of 
our  modern  industrial  conditions,  and  also  whether 
such  a  course  as  he  has  developed  would  have  been 
possible  say  fifteen  to  twenty-five  years  ago,  taking 
into  consideration  the  industrial  conditions,  the  atti- 
tude of  the  trade  unions  and  of  the  manufacturer;  in 
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other  words,  is  not  the  situation  in  Cincinnati  to-day 
directly  the  outgrowth  of  our  modern  industrial  con- 
ditions, and  is  it  fair  to  condemn  all  of  the  old  sys- 
tems which  have  led  up  to  and  made  this  one  possible? 

Professok  Schneider:  I  did  not  intend  to  condemn 
the  four  year  courses  at  all,  but  I  do  think  that  they 
are  utterly  inadequate  for  the  present  situation.  If 
you  consider  the  large  number  of  very  able  men  who 
are  the  product  of  the  four-year  system,  it  seems 
absurd  to  condemn  it.  I  think  education,  as  every- 
thing else,  is  a  growth.  The  industrial  situation  has 
changed  rapidly  in  the  last  few  years;  and  I  do  not 
think  the  cooperative  course  would  have  been  possible 
twenty-five  years  ago. 

Dean  Kent:  It  seems  to  me  that  this  plan  of  Pro- 
fessor Schneider's  is  an  illustration  of  what  is  hap- 
pening along  all  educational  lines.  Some  hundred 
years  ago  education  was  for  the  few,  and  then  after- 
wards for  a  few  more.  In  the  beginning  of  engineer- 
ing education  in  this  country-,  the  engineering  schools 
educated  a  few  men  for  the  higher  positions,  but  Mr. 
Schneider's  attempt  is  to  educate  more  men  for  the 
lower  positions  and  give  these  men  the  kind  of  educa- 
tion that  they  need.  None  of  the  schools  have 
hitherto  led  in  this  direction.  It  is  remarkable  to 
see  how  few  technical  men  are  found  in  our  machine 
shops.  This  is  a  new  step  forward  in  education,  to 
educate  men  for  the  positions  that  the  old  schools 
did  not  educate  for.  It  has  not  been,  as  I  under- 
stand it,  a  means  of  making  any  better  engineers  than 
before,  but  is  a  step  forward  in  educating  more  men 
than  ever  before.     It  is  giving  an  opportunity  for  men 
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to  get  an  education  that  would  not  have  been  possible 
for  them  otherwise.  The  problem  is,  not  how  we 
can  educate  better  engineers  than  before,  but  how 
we  can  educate  a  larger  part  of  the  population  of 
the  country  than  ever  before.  The  real  question  is 
not  one  that  relates  to  our  universities,  but  it  is  one 
of  the  industrial  education  of  the  common  people. 

Professok  Wn.TJSToy :  Professor  Jackson  called 
attention  a  moment  ago  to  a  point  that  I  think 
is  brought  out  very  clearly  in  Professor  Schneider's 
paper— that  it  is  the  cream  of  a  very  large  number 
of  men  who  make  application  for  this  course  who 
are  admitted  into  the  six-year  cooperative  plan;  and 
that  the  reason  for  the  remakable  successes  in  intel- 
lectual as  well  as  in  practical  work  is  partially  be- 
cause only  the  best  men  are  chosen.  There  is,  as  I 
understand  it,  a  very  careful  selection.  Only  those 
who  give  evidence  of  possessing  a  reasonable  proba- 
bility of  developing  leadership  in  the  future  to  a  very 
high  degree  are  accepted;  for  the  aim  is.  Professor 
Schneider  will  correct  me  if  I  am  wrong,  to  train 
a  veiy  high  grade  of  mechanical  engineer  especially 
well  adapted  to  meet  the  difficult  and  advancing 
problems  of  modem  and  industrial  engineering. 

Professor  Jackson  referred  to  the  fact  that  other 
institutions  had  some  "skimmed  cream"  as  well  as 
some  cream.  I  believe  that  this  is  absolutely  true, 
and  that  one  of  the  great  advantages  of  the  coopera- 
tive plan  is  that  it  gives  better  opportunities  to  select 
for  the  courses  only  such  men  as  have  special  aptitude 
for  the  kind  of  professional  work  to  which  the  course 
naturally  leads. 
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Professor  Kent  stated  that  one  of  the  serious  prob- 
lems in  education  at  the  present  time  is  to  provide 
means  by  which  a  large  proportion  of  the  population 
may  be  educated  for  the  practical  work  of  life.  There 
has  been  before  this  Society  a  great  deal  of  discus- 
sion regarding  the  lengthening  of  our  courses  and  the 
establishment  of  post-graduate  courses;  and  the  argu- 
ments in  favor  of  both  of  these  plans  are  convincing 
evidence  of  the  very  great  desirability  of  increasing 
the  amount  of  technical  training  for  those  who  wish 
to  enter  the  engineering  profession.  On  the  other 
hand,  a  great  difficulty  with  such  a  plan— in  many 
places  an  insuperable  difficulty— is  the  fact  that  com- 
paratively few  young  men  have  either  the  financial 
means  or  the  time  at  their  disposal  which  they  may 
properly  spend  for  such  a  purpose,  no  matter  how 
much  they  may  wish  to.  Conditions  over  which  they 
have  no  control  make  it  necessary  for  them  to  get 
started  in  their  life-work,  and  to  commence  to  be  self- 
supporting  before  they  reach  a  given  age.  Therefore, 
another  very  great  advantage  of  the  cooperative  plan 
is  that  it  enables  many  young  men  of  marked  ability 
to  whom  a  college  course  might  otherwise  be  an  im- 
possibility, to  obtain  a  thorough  technical  training, 
and  also  that  it  enables  others  to  carry  their  training 
as  far  as  may  be  desirable.  The  cooperative  students 
are  self-supporting,  and  are  not,  therefore,  prevented 
by  financial  considerations  from  getting  as  much 
technical  training  as  they  desire. 

There  is  another  economic  question  that  Professor 
Schneider  has  called  attention  to.  It  is,  I  believe, 
one  of  the  most  vital  points  in  his  paper.     Very  few 
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institutions  in  the  past  have  been  seriously  consider- 
ing the  question  of  whether  they  ought  to  spend 
$1,000,  or  $2,000,  or  perhaps  $4,000  on  any  given 
individual;  the  theory  has  been,  as  a  rule,  that  any 
man  who  could  pass  a  certain  entrance  examination 
had  a  right  to  demand  the  $1,000,  or  $2,000,  or  what- 
ever sum  the  tuition  may  cost,  of  the  institution. 
As  the  trustees  of  trust  funds,  I  believe  that  it  is 
the  duty  of  every  college  or  university  to  satisfy 
itself  very  definitely  that  the  individual  on  whom  it 
is  about  to  spend  such  a  sum  of  money,  is  one  who 
wiU  be  able  to  make  efficient  use  of  the  help  received. 

Pkofessoe  Leete:  Pittsbui'g  offers  exceptional  op- 
portunities as  a  field  for  technical  and  industrial 
education,  as  Professor  Schenider  has  stated.  I 
hesitate  to  say  anything  in  regard  to  the  work  which 
is  being  done  at  Carnegie,  for  the  reason  that  we  are, 
as  yet,  in  the  experimental  stage.  I  do  not  want 
you  to  think,  however,  that  we  have  not  recognized 
the  possibilities  there,  or  that  we  have  not  endeavored 
to  meet  them. 

We  have  endeavored  to  get  into  as  intimate  rela- 
tions as  possible  with  the  different  engineering  in- 
dustries, but  we  have  hesitated  in  adopting  the  plan 
of  Professor  Schneider  in  the  School  of  Applied 
Science  for  three  reasons : 

1.  We  do  not  believe  that  it  is  practicable  to  main- 
tain this  triple  relation  between  the  student,  employer 
and  university  for  so  long  a  period  as  six  years.  A 
failure  of  the  student  to  meet  the  requirements  of 
either  the  shops  or  the  university  makes  impossible 
the  completion  of  his  course. 
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2.  "We  have  hesitated,  also,  because  we  do  not  sym- 
pathize wholly  with  the  relation  in  which  it  would 
place  us  with  respect  to  the  different  industries.  We 
do  not  wish  to  prepare  men  for  a  given  concern  and 
to  lay  ourselves  open  to  the  dictation  which  it  seems 
to  us  would  naturally  result  from  such  a  course. 
Professor  Schneider  has  mentioned  one  instance 
where  students  were  enabled  to  bring  special  pressure 
to  bear  upon  him  to  force  a  result  which  was  not  to 
the  best  interests  of  the  university.  Is  it  not  pos- 
sible that  the  relations  between  the  industry  and  the 
university  may  become   strained  and  impossible? 

3.  TVe  have  not  adopted  a  cooperative  scheme  in 
the  School  of  Applied  Science  because  we  believe 
that  so  much  time  as  this  plan  provides  for  shop 
work  is  neither  necessary  nor  advisable  for  an  engi- 
neering training. 

I  would  add,  in  reference  to  the  last  point,  that 
in  our  industrial  college  we  have  succeeded  in  getting 
into  close  relations  with  the  different  shops  in  Pitts- 
burg, following  a  plan  somewhat  similar  to  that  of 
Professor  Schneider's.  About  thirty  young  men  last 
year  who  were  working  in  the  shops  were  sent  us 
by  the  industries  for  instruction  in  the  trades.  The 
instruction  included  mathematics,  English,  the  ele- 
ments of  physics  and  chemistry-,  and  mechanical 
drawing,  in  addition  to  the  training  in  the  shops. 
We  took  them  for  seven  months  in  the  year  with  the 
understanding  that  they  were  to  return  to  their  shops 
during  the  remaining  five  months  and  in  some  in- 
stances they  were  also  to  work  every  Saturday.  It 
seems  to  us  that  it  is  in  trade  education  that  the 
cooperative   scheme   finds   its   legitimate   value. 
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Pbofessos  Schxeidee  :  It  is  feasible  to  nmintain  the 
triple  relation  and  to  go  on  indefinitely.  There  seems 
to  be  an  erroneons  idea  among  educators  tliat  manu- 
facturers are  not  very  broad-minded  men. 

The  idea  is  a  good  one  for  the  manufacturer.  The 
students  are  commercially  profitable  to  him,  otherwise 
he  would  not  put  them  in  the  shop.  Furthermore, 
many  of  the  young  men  graduating  from  our  school 
will  become  superintendents  in  the  shops  of  Cincin- 
nati. I  think  the  relationship  will  l^e  very  safe  in 
their  hands. 

In  regard  to  the  second  question,  as  to  the  relations 
that  might  possibly  arise.  Some  of  our  faculty  were 
very  much  afraid  of  that  when  we  started,  but  they 
are  not  afraid  of  it  now,  as  it  brin^  good  will  to  the 
university. 

In  regard  to  the  thii'd  question,  the  disproportion 
of  time.  This  course  contemplates  that  a  man  starts 
in  his  business  career  when  he  starts  at  the  univer- 
sity. Onr  statistics  show  that  over  90  per  cent,  of 
iiie  medianical  and  electrical  engineering  graduates 
go  into  industrial  engii:-^:::::;.',  TVe  are  training  for 
tiiat  90  jper  cent,  ^e  :  :  :-r  great  stress  upon  the 
fact  that  these  ycvj-g  m-i.  "ill  learn  the  labor  situa- 
tion, which  they  cannot  learn  in  the  university.  I  be- 
lieve they  win  get  broadened  from  meeting  aU  sorts 
and  conditions  of  men  from  the  man  with  the  wheel- 
barrow up  to  the  general  manager :  that  is  worth  more 
than  the  10.5CK3  hours  that  they  work  in  the  shop. 
All  the  matters  of  tedinical  detail  which  cannot  be 
obtaiaed  in  coUege  they  will  get  by  close  contact  with 
real  business. 

We  had  experience  with  labor  unions  in  one  case. 
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At  the  time  this  course  was  started  a  strike  was  con- 
templated in  the  Bullock  Foundry.  When  we  put  our 
young  men  in,  the  union  men  thought  they  were  strike- 
breakers, and  treated  them  accordingly.  However, 
the  students  stuck  to  it;  when  college  opened  half  of 
the  apprentices  came  to  the  university  and  the  next 
week  they  went  back  to  the  shops  and  the  other  half 
came,  the  molders  said:  "Where  were  you  last  week!" 

They  answered,  ''At  the  university." 

''AATiere  are  the  other  fellows  now?" 

''They  are  at  the  university." 

The  molders  said  to  them,  "What  is  this  game 
anyway  ? ' ' 

When  it  was  explained  to  them  they  answered,  "If 
you  fellows  are  working  in  this  way  to  get  an  educa- 
tion we  will  not  bother  you. ' '  At  the  present  time  the 
attitude  of  the  workingmen  in  the  shops  toward  these 
students  is  very  cordial,  indeed,  and  they  will  answer 
any  questions  that  the  students  ask. 

Professor  Woodward  :  I  want  to  make  one  more  re- 
mark and  ask  one  more  question.  My  remark  is  that 
this  scheme  is  not  intended  to  interfere  with  our  four- 
year  work,  as  I  understand  it.  It  is  not  a  condemna- 
tion of  our  four-year  plan;  it  is  not  intended  to  re- 
flect upon  it;  it  is  simply  a  method  which  seems 
necessary  to  meet  new  conditions  for  a  new  set  of 
students. 

My  question  is :  Do  the  subjects  taught  and  studied 
make  it  possible  for  the  student  to  go  from  one  course 
to  the  other?  I  can  understand  that  so  far  as  the 
boy  and  the  university  are  concerned,  it  is  perfectly 
easy  for  him  to  go  from  the  six-year  plan  into  the 
four-year  plan,  for  he  will  fit  in  with  the  work;  but 
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what  does  the  employer  think  of  it?  Finally,  is  it 
possible  for  him  to  go  from  the  four-year  plan  into 
the  six-year  plan? 

Peofzssob  ScHXEmzB:  Xo  students  of  the  six-year 
cooperative  system  have  gone  into  the  four-year 
system,  except  two  who  were  dismissed  by  me  from 
work  in  the  shops  for  reasons  of  discipline.  Xo 
student  desires  to  go  into  the  four-year  course  from 
the  six-year  course.  By  a  recent  decision,  it  is  not 
possible  for  any  student  to  enter  the  cooperative 
course  unless  he  wants  to  take  the  full  six  years. 
Many  students  from  other  colleges  wrote  to  us  and 
wanted  to  take  the  latter  half  of  the  cooperative 
course  and  we  decided  not  to  take  any  one  in  this 
system  except  for  the  whole  six  years. 

Pbofessoe  Magrudee:  The  trouble  with  our  engi- 
neering colleges  of  today  is  that  we  are  training  the 
few  rather  than  the  majority  who  desire  to  go  into 
any  line  of  work.  I  am  glad  that  the  ITniversity  of 
Cincinnati,  being  a  municipal  institution,  has  the 
privilege  of  training  for  industrial  engineering  and 
industrial  life. 


CAREERS  OF  GRADUATES  IN   MECHANICAL 
ENGINEERING. 

BY    F.    DeR.    FURMAN, 

Professor  of  Kanematics  and  Machine  Design, 
Stevens  Institute  of  Technology. 

The  purpose  of  this  paper  is  to  show: 

First.  The  measure  of  success  of  graduates  in  me- 
chanical engineering,  based  on  the  records  of  all  the 
graduates  of  the  Stevens  Institute  of  Technology. 

The  conclusions  under  this  heading  are  briefly:  that 
the  graduates  rise  rapidly  to  positions  of  responsibil- 
ity, over  90  per  cent,  having  established  themselves 
after  fifteen  years,  and  98  per  cent,  after  thirty  years, 
in  offices  requiring  a  strong  intellectual  development. 
The  offices  and  positions  here  referred  to  are  enum- 
erated in  items  1  to  30  of  Table  I.  See  also  Curve 
A,  Fig.  1. 

Second.  The  nature  of  their  work  so  far  as  the  ap- 
plication of  their  technical  education  is  concerned. 

It  is  here  shown  that  about  40  per  cent,  settle  into 
executive  or  managerial  positions,  nearly  all  in  engi- 
neering or  commercial  manufacturing  lines;  37  per 
cent,  into  broad  technical  positions  such  as  would  be 
represented,  for  example,  by  consulting  engineers, 
professors,  etc.;  11  per  cent,  into  positions  calling 
for  teclmical  detail;  10  per  cent,  into  the  retired  list, 
and  2  per  cent,  into  the  class  whose  whereabouts  and 
occupations  are  unknown.     (See  Fig.  2.) 
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Third.  The  lines  of  work  and  the  concerns  in  which 
the  graduates  are  engaged,  showing  also  the  percent- 
ages connected  with  the  several  large  corporations  or 
so-called  ''trusts." 

The  tabulation  here  indicates  that  about  20  per  cent, 
of  the  graduates  are  engaged  in  the  manufacture  of 
machinery  and  instruments;  10  per  cent,  in  general 
manufacturing  work;  10  per  cent,  in  general  engineer- 
ing work ;  10  per  cent,  in  gas  or  electric-lighting  work, 
and  the  remainder  in  miscellaneous  lines.  About  20 
per  cent,  of  the  graduates  are  in  the  employ  of  the 
large  corporations  or  "trusts."     (See  Tables  V.  and 

Fourth.  The  range  of  application  of  a  mechanical 
engineering  education,  enumerating  the  specialties  of 
the  graduates. 

In  this  connection  it  is  found  that  the  broad  course 
in  technical  education  given  at  Stevens  for  the  degree 
of  mechanic-al  engineer  has  enabled  a  large  number  of 
graduates  to  become  successful,  and  a  fair  number 
even  prominent,  in  architectural,  civil,  electrical,  gas, 
heating  and  ventilating,  hydraulic,  marine,  mining, 
railway  and  structural  engineering  lines. 

The  wide  range  of  specialties,  in  the  production  of 
which  the  graduates  of  mechanical  engineering  are 
concerned,  is  shown  by  the  fact  that  less  than  three 
men  on  the  average  are  engaged  in  the  production  of 
the  same  article  or  commodity.     (See  Table  YU.) 

Every  graduate  of  Stevens  Institute  has  been  in- 
cluded in  making  up  the  records  on  which  the  above 
briefly  stated  facts  are  based. 

Items  1  and  2  above  have  been  plotted  in  Figs.  1 
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and  2,  from  the  data  given  in  Table  I.  Items  3  and  4 
have  been  separately  compiled,  No.  3  from  the  last 
catalogue  of  Stevens  Institute  of  Technolog}',  and  No. 
4  from  a  ''Directory  of  the  Alumni  of  Stevens  Insti- 
tute, ' '  prepared  by  Professor  W.  H.  Bristol  two  years 
ago. 

Stevens  Institute  of  Technologj^  was  established  in 
1871,  graduated  its  first  class,  consisting  of  one  man, 
in  1873,  and  has  graduated  altogether  1,394  men,  the 
last  class  of  1908  containing  94,  and  the  average  being 
40  men  to  each  class.  The  number  graduated  in  each 
year  is  shown  in  Table  IV.  and  Fig.  3. 

Table  I.  shows  the  total  number  and  the  percentage 
of  graduates  holding  the  various  positions  or  offices 
common  to  the  engineering  and  manufacturing  world, 
immediately  after  graduation,  and  at  the  end  of  5,  10, 
15,  20,  25,  30  and  35-year  periods.  As  will  be  noted 
from  the  table,  1,039  men  have  been  graduated  five 
years  or  more.  Of  these,  30  died  during  the  first  five 
years,  leaving  1,009  who  have  reached  the  end  of  their 
first  five-year  period.  Seven  hundred  and  fifty-four 
men  have  passed  through  their  second  five-year 
period,  485  the  third  period,  and  so  on.  These  are 
the  numbers  on  which  the  averages  are  based. 

The  ''Morton  Memorial  Volume,"  issued  at  Stevens 
Institute  in  1905  as  a  memorial  to  the  late  Henry  Mor- 
ton, first  president  of  Stevens  Institute  of  Technology, 
was  used  in  making  up  the  body  of  Table  I.  This 
volume  contains  a  record  of  the  successive  positions 
held  by  each  man  from  the  time  of  his  graduation, 
the  photographs  of  nearly  two-thirds  of  all  the  gradu- 
ates, and  in  many  cases  brief  genealogical  statements. 
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These  records  are  as  accurate  and  as  complete  as  cir- 
cular letters,  and  follow-up  correspondence,  could 
make  them.  To  complete  the  records  of  positions 
held  from  1905  to  date  the  institute  catalogues  were 
used.  A  further  source  of  advantage  in  making  up 
Table  I.  was  found  in  the  fact  that  the  author  is  per- 
sonally acquainted  with  over  70  per-cent.  of  all  the 

Fig.  1. 


Years  afier  Graduation 


graduates,  and,  through  alumni  offices  and  a  five-year 
period  as  editor  of  the  Stevens  Institute  Indicator,  was 
in  close  touch  with  the  positions  held  and  the  work 
done  by  many  of  the  men. 

Fig.  1,  showing  the  measure  of  success  attained  by 
the  graduates  of  Stevens  Institute,  comes  directly  from 
a  grouping  of  items  in  Table  I.      A  man  has  been 
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termed  successful  at  each  of  the  five-year  periods  if 
he  is  engaged  in  business  on  his  own  account  or  in 
association  with  others,  or,  when  he  is  in  a  salaried 
position,  if  he  is  directly  responsible  for  a  business  or 
for  an  important  branch  or  department  of  a  business. 
Such  men  as  are  here  defined  are  enumerated  in  items 
1  to  30  of  Table  I,  and  ai'e  represented  in  Curve  A, 
Fig.  1.     Curve  J.  is  a  combination  of  Curves  B  and  C. 

Curve  B,  Fig.  1,  shows  the  percentages  of  successful 
gi'aduates  who  have  engaged  in  business  or  profes- 
sional work  on  their  own  account  or  in  association 
with  others,  and  who  have  income  from  their  current 
labor  indei^endent  of  salaiy.  These  men  are  listed 
in  items  1  to  17  of  Table  I.  An  example  of  the 
method  of  obtaining  Cui've  B  may  be  shown  by  tak- 
ing the  ordinate  at  the  fifth  year,  where  it  is  seen  to 
be  about  14  per  cent. ;  this  should  coiTespond  with 
the  sum  of  the  percentage  items  in  the  first  seventeen 
lines  of  the  five-years  column  of  Table  I.,  which 
sum  is  13.7. 

Cui've  C,  Fig.  1,  shows  the  percentage  of  success- 
ful graduates  who  are  on  salaiy,  being  responsible 
for  a  business  or  for  an  important  branch  or  depart- 
ment of  a  business.  These  men  are  shown  in  items 
18  to  30,  Table  I. 

Curve  D  shows  the  percentage  of  men  holding 
minor  positions,  or  engaged  as  assistants  to  various 
officers,  and  is  made  up  from  items  31  to  64  of 
Table  I. 

Cui've  E  shows  the  percentage  of  men  of  whom 
no  record  icould  be  obtained,  ranging  from  2  to  neaily 
5  per  cent.,  and  coiTesponds  with  item  65  of  Table  I. 
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Comments  on   Fig.   1. 

Cim^e  B  shows  the  application  of  the  general  law 
underhung  the  ambitions  of  a  vast  majority  of  men 
to  become  independent  in  thought  and  in  action  in 
the  affairs  of  life.  Applied  to  the  graduates  in 
mechanical  engineering,  we  find  them  steadily  rising, 
those  having  the  benefit  of  family  financial  aid  prob- 
ably maintaining  the  steadily  increasing  line  to  about 

TABLE    II. 
Showing  Pebcentages  o>"  which  Cubves  i>"  Fig.  1  arf.  Based. 


Years  after  Graduation. 


Total  per  cent,  of  successful 
graduates.  Curve  ^4.  Fig.  1. 
(Also  items  1-30,  Table  I.)... 


%    i    % 


3.1    48.3 


Successful  graduates  whose  posi- 
tions yield  income  independ- 
ent of  salarv.  Curved,  Fig.  1. 
(Also  items  1-17,  Table  I.)... 

Successful  graduates  who  are 
on  salarv.  Curve  C,  Fig.  1. 
(Also  items  18-30,  Table  I.). 

Graduates  holding  minor  posi- 
tions. Curve  D,  Fig.  1. 
(Also  items  31-64,  Table  I.). 

Graduates  whose  records  are 
unknown.  Curve  E,  Fig.  1. 
(Also  item  65,  Table  I.)... 


1.7    13.7 


1.4 


94.4 


34.6 


47.9 


Totals. 


2.5     3.8 


10 


80.7 


20 


25 


% 


90.5!  94.4   96.5   98.1 


28.3 


52.4 


39.6 


50.9 


14.6     5.8 


4.7 


3.7 


54.8 


39.6 


2.4 


3.2 


54.4 


42.1 


3.5 


100.0;  lOO.Oi  100.0  100.0100.0  100.0 


59.6 


38.5 


1.9 

100.0 


the  tenth  year,  when  their  brothers  from  the  humbler 
walks  of  life,  through  savings  due  to  sustained  perse- 
verance and  economy,  and  also,  perhaps,  borrowing 
capacity  due  to  good  reputation,  join  them  in  their 
high  business  positions  as  owners  or  partners. 
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At  the  tenth  year  a  most  noticeable  and  decided 
readjustment  in  business  standing  begins  and  con- 
tinues to  the  twentieth  year.  During  this  period  the 
fnigal  and  industrious  graduates  in  mechanical  engi- 
neering, shown  by  Cuiwe  C\  comes  into  his  own  in 
maximum  numbers  by  changing  over  from  the  posi- 
tion of  a  receiver  of  salary  to  that  of  a  payer  of 
salary.  After  the  twentieth  year  the  rate  of  change 
from  the  one  class  to  the  other  decreases  and  the 
chances  of  a  man  becoming  his  own  master  are 
rapidly  waning. 

Curve  Z>,  showing  the  percentage  of  men  holding 
minor  positions,  is  naturally  largest  at  the  start  and 
decreases  a*  the  eui've  of  successful  men  rises,  both 
curves  crossing  at  -iS  per  cent,  after  five  years. 
This  points  to  the  facts: 

That  the  fifth  year  is  the  first  critical  stage  of  the 
technical  graduate's  career,  and  that  he  should  care- 
fully consider  his  present  and  future  at  this  time. 
If  he  is  one  of  the  successful  gTaduates  and  is  am- 
bitious, he  should  take  thought  in  the  matter  of  a 
high  standing  among  his  fellows.  If  he  is  not  in  one 
of  the  successful  positions,  he  is  in  the  lower  half 
and  should  take  serious  thought  and  perhaps  redouble 
his  eli'orts  that  he  may  be  among  the  first  of  his 
group  to  enter  the  class  of  successful  men:  and: 

That  those  interested  in  the  young  graduate  should 
not  too  hastily  judge  whether  or  not  his  first  five 
years  of  labor  are  leading  him  to  a  bright  career. 
This  period  of  labor  and  perhaps  drudgery  carries 
with  it  equal  chances  for  large  reward. 

Curve  E  shows  the  men  whose  addresses  and  rec- 
ords are  unknown,  the  average  being  3.2  per  cent. 
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Comments  on  Fig.  2. 

Fig.  2,  showing  the  character  or  nature  of  work 
engaged  in  by  graduates  in  mechanical  engineering, 
is  also  derived  from  Table  I.  by  a  special  order 
of  grouping. 

The  curves  show  the  percentages  of  graduates  that 
have  taken  up  work  calling  for: 

First.  An  executive  or  managerial  ability,  in  most 
cases   combined   with   the   requirement   of   a   certain 

Fig.  2. 


10  15 

I'eai-s  after  Graduation 


amount  of  technical  knowledge  for  such  officers  as 
presidents,  managers,  sales  engineers,  etc.  (See 
Cur^-e  F.) 

Second.  A  broad  application  of  technical  knowl- 
edge for  such  as  consulting  engineers,  professors, 
etc.      (See  Cur\'e  G.) 
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Third.  A  detailed  technical  training  for  such  as 
snperintendents,  chief  draughtsmen,  etc.  (See  Curve 
H.) 

CuiTe  I  shows  the  percentage  of  men  that  have  re- 
tired from  business,  or  from  professional  work. 

Curve  J  shows  the  difficulty  of  properly  classifying 
graduates  in  the  scheme  of  Fig.  2  for  their  first  few 
years,  but  that  thereafter  they  rapidly  develop,  ac- 
cording to  their  natural  bent  and  their  college  train- 
ing, into  one  of  the  classes  represented  by  Curves 
F,  G  and  E. 

The  curves  in  this  figure  show  that  the  broad  tech- 
nical course,  planned  by  President  Morton  and  his 
original  faculty  for  the  Stevens  Institute  thirty-seven 
years  ago  for  the  training  of  the  mechanical  engineer, 
for  which  there  was  then  no  precedent  in  this  country, 
was  timely,  and  that  the  results  then  hoped  for  have 
been  achieved. 

That  this  broad  technical  training  has  not  pre- 
vented the  development  and  growth  of  the  commercial 
instinct  is  shown  by  the  well-balanced  proportions 
between  Curves  F  and  G  after  the  men  have  become 
settled  in  life.  It  must  be  remembered  that  it  is  the 
youth  with  the  technically  studious,  rather  than  the 
purely  commercial  nature,  that  seeks  a.  course  in 
mechanical  engineering,  and  the  fact  that  in  spite  of 
this  the  largest  percentage  of  the  graduates  are 
di'awn  to  the  commercial  rather  than  the  technical 
side  of  the  profession  shows  that  there  is  a  substan- 
tial demand  in  the  business  world  for  the  graduate 
in  mechanical  engineering  in  the  high  administrative 
offices. 
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TABLE    III. 
Showing  Pebcextages  on  which  Cubtes  in  Fig.  2  abe  Based. 


Years  after  Graduation. 


Graduates  holding  executive 
positions,  such  as  firm  mem- 
bers, managers,  etc.  Curve  F, 
Fig.  2.  (Also  items  marked 
F  in  Table  I.) 

Graduates  holding  positions  re- 
quiring broad  technical  train- 
ing, such  as  consulting  en- 
gineers, professors,  etc.  Curve 
G,  Fig.  2.  (Also  items  marked 
G  in  Table  I.) 

Graduates  holding  positions  call- 
ing for  executive  ability  in 
technical  details,  such  as 
superintendents,  chief 
draughtsmen,  etc.  Curve  H, 
Fig.  2.  (Also  items  marked 
H  in  Table  I.) 

Graduates  occupying  positions 
as  helpers,  general  assistants, 
such  as  apprentices,  draughts- 
men, etc.  Curve/,  Fig.  2.  (Also 
items  marked  J^in  Table  I.).. 

Graduates  who  have  retired  from 
business  or  professional  work. 
Curve  /,  Fig.  2.  ( Also  item 
marked  /in  Table  I.) 

Graduates  whose  records  are 
unknown.  Curve  A'  Fig.  2. 
(Also  item  marked  A'  in 
Table  I.) 


4.6 


12.1 


2.7 


rs.i 


2.5 


24.3 


15.0 


39.0 


17.9 


3.8 


10 


0/ 
/o 


36.5 


22.7 


31.7 


3.9 


.5 


4.7 


41.8 


28.9 


22.7 


1.0 


1.9 


3.7 


20 


41.8 


36.1 


14.7 


4.2 


3.2 


Totals 100.0  lOO.OllOO.OlOO.OilOO.O  100.0  100.0: 100.0 
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38.6   40.3 


38.1 


11.9 


7.9 


3.5 


36.6 


11.5 


9.7 


100.0 


1.9' 


This  demand  has,  in  late  years,  been  increasingly- 
recognized  in  most  of  the  engineering  schools,  first 
at  Stevens,  when  Mr.  Alexander  C.  Humphreys,  now 
President  Humphreys,  in  1897  inaugurated  a  series 
of  lectures  on  business  engineering  in  regularly  pro- 
vided roster  time.      These  lectures  extended  over  in- 
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creasingly  longer  periods  until  1902,  when  the  de- 
partment of  business  engineering  was  organized. 
Eegular  weekly  lectures  and  recitations  have  sinc€ 
been  held  thi'oughout  the  entire  year. 

The  falling  off  of  gi'aduates  in  executive  and  man- 
agerial positions  after  the  twentieth  year,  as  shown 
in  Curve  F.  is  fully  accounted  for  by  the  rise  in 
Curve  I,  which  records  the  number  that  have  retired 
from  active  business  or  professional  work. 

Cui-ve  H  shows  that  the  technical  schools  have  be- 
fore them  a  most  difficult  problem  in  determining  the 
proper  proportion  between  breadth  and  detail  in 
training.  The  young  graduate  during  the  first  five 
years,  as  shown  by  the  rapid  rise  of  the  curve  at  the 
start,  is  needed  and  is  doubtless  best  fitted  to  do 
detail  work;  through  this  he  passes  after  his  fifth 
year  into  work  of  either  a  broader  technical  or  of  an 
executive  nature  according  to  natural  aptitude  and 
circumstances. 

Curve  H  shows,  perhaps  unfortunately,  a  consider- 
able drag  from  the  fifth  to  the  twentieth  years.  This, 
it  is  believed,  can  be  lessened  more  rapidly  only 
through  hard  and  intelligently  directed  work  during 
the  first  five  years.  Those  who  have  best  prepared 
themselves  duiing  this  j^eriod  will  be  drawn  first  from 
the  comparatively  slow-falling  part  of  the  cui-ve. 

Fig.  3  is  a  diagram  showing  the  number  of  grad- 
uates in  each  class  and  is  of  interest  here  as  illustrat- 
ing the  rate  of  growth  of  the  institution  whose  work 
is  being  analyzed.  It  will  be  remembered  that  only 
the  degi'ee  of  mechanical  engineer  is  given  at  Stevens. 
It  should  be  added,  however,  as  a  matter  of  record, 
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that  seven  exceptions  were  made  in  the  early  days 
of  the  Institute,  when  the  degree  of  B.S.  was  con- 
ferred upon  two,  and  that  of  Ph.D.  on  five  men.  One 
of  the  B.S.  degrees  was  advanced  at  a  later  date  to 

Fig.  3. 
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Ph.D.     The  data  on  which  Fig.  3  is  based  are  given 
in  Table  IV. 

Tables  II.  and  III.  give  the  co-ordinates  on  which 
Figs.  1  and  2  are  based,  respectively. 


General,  Observations. 

In  the  preparation  of  this  paper  a  number  of  facts 
bearing  on  the  subject,  but  which  have  found  no  place 
thus  far,  have  come  to  light. 

One  of  the  most  important  is,  that  it  is  necessary 
to  consider  all  of  the  graduates  to  obtain  reliable  data. 

25 
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"When  this  paper  was  suggested,  I  planned  to  issue 
a  circular  letter  and  make  up  my  results  from  uni- 
formly tabulated  replies.  The  cu'cular  was  issued, 
but  only  a  little  over  300,  or  one-quarter  of  the  total 
alumni  body,  responded  to  the  first  call.  There  was 
not  time  to  issue  follow-up  circulars  before  the  con- 
vention meeting  at  Detroit.  It  then  occurred  to  me 
to  make  use  of  the  "Morton  Memorial  Volume" 
wherein  the  successive  occupations  of  all  the  grad- 
uates were  recorded,  as  alreadv  stated. 


TABLE    IV. 

XUilBEB  OF   GBACrATES   BY   CXASSES. 


Class. 

Xo.  of 
Graduates. 

Class. 

No.  of 
Graduates. 

1873 

1 

3 
10 
17 
10 
22 
14 

9 
17 

14    j 
20    1 
42 
36 
33 
30 
39 
36 
39    1 

1891 

1892 

1893 

1894 

45 

1874 

1875 

39 
43 

1876 

39 

1877  

1895 

47 

1878  

1896 

1897 

64 

1879 

63 

1880 

1881 

1898 

1899 

57 
53 

188"^ 

1900 

53 

1883 

'  1901 

40 

1884 

1885 

1902 

1903 

54 
50 

1886 

1887   .  ... 

1904 

1905 

54 

48 

1888 

1889 

1890 

1906 

1907 

1908 

76 
83 
94 

i    Total 

392 

1,002 
392 

1,394 

Since  the  convention  I  have  tabulated  and  plotted, 
on  parallel  lines,  the  data  from  the  300-odd  replies, 
and  find  that  while  the  cui-ves  correspond  in  a  gen- 
eral way  with  those  in  this  paper,  the  more  successful 
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men  are  the  ones  who  have  answered  generally.  This 
is  shown  by  the  fact  that  the  curve  of  successful 
men  for  the  300  replies  shows  89  per  cent,  at  10 
years,  whereas  the  similar  curve  in  Fig.  1  of  this 
paper  shows  only  81  per  cent. 

It  also  develops   that   those  in  executive  or  man- 

TABLE    v. 

Li>t:s  of  Work  ix  which  Graduates  ix  Mechanical  Exqixeebtxq 

ABE  Engaged. 


No. 


Per  Cent. 


Machinery  and  instrument  manufacturing  companies... 


No. 


Per 
Cent 


General  manufacturing  work  : 

Engineering  products  (pipe  and  carbons, 

for  example) 71     5.47 

Mercantile  products  (hats  and  silk  goods, 
for  example) 68     5.23 

General  engineering  work 

Gas  or  electric  light  work  (including  gas  plant  con- 
struction)   

Professional  engineering  work 

Instruction  work 

Kailroad  work..  

Structural  work  (both  steel  and  concrete)  

Public  works 

Iron  and  steel  mill  work 

Street  railwav  work 

Insurance  work  (life,  fire  and  accident)  

Lawyers  and  patent  lawyers 

Mining  work 

Banking  and  brokerage  work 

Journalistic  work 

Chemical  manufacturing  work 

Private  interests 

Marine  engineering  work 

Miscellaneous  (on  engineering  or  mechanical  lines) 

Miscellaneous   (on  mercantile  or  non-engineering  pro- 
fessional lines)  

Unknown 

Retired 

Deceased  


244 


18.7 


139 

10.7 

133 

10.3 

115 

8.8 

102 

7.8 

63 

4.9 

49 

3.8 

40 

3.1 

36 

2.8 

35 

2.7 

29 

O  9 

28 

2.1 

23 

1.8 

18 

1.4 

11 

.8 

9 

.7 

9 

.7 

8 

.6 

7 

.5 

43 

3.4 

29 

0  o 

31 

2.4 

14 

1.1 

85 

6.5 

Total,  not  including  class  of  1908 1,300 


100.0 


agerial  positions  are  more  responsive  than  those  in 
the  more  professional  lines  of  work,  as  shown  by  the 
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curve  of  admiiiistrative  officers  for  t±ie  300  replies 
reaching  50  per  cent,  at  twenty  years  against  42  per 
cent^  as  shown  in  the  similar  cnrve  (F)  in  Fig.  2, 
idiile  the  curve  for  the  more  professional  men  for 
the  300  replies  reaches  only  34  per  cent,  against  36 
per  cent,  in  Fig.  2. 

The  question  as  to  the  number  of  technical  grad- 
uates that  start  in  the  draughting  room  is  one  that 
frequently  comes  up  and  is  well  answered  in  Table  L, 
where  it  is  shown  that  37  per  cent,  begin  there.  10 
per  cent,  (including  chief  draughtsmen)  are  thus  em- 
ployed after  five  years,  and  3  per  cent,  after  ten  years. 

In  following  up  the  records  of  graduates  the  writer 
has  been  impressed  with  the  fact  that  a  large  percent- 

TABLE    VL 
GsjlSVatbs  Emploted  by  Labge  Corpobatioxs. 

Xo.  Per  Cent. 

Bjilroads- ,  49  3.8 

Public  vorks 36  2.8 

United  Gss  and  ImproTemoit  Co- 33  2.5 

Wesdnghoose  interests. 27  i         2JL 

Genwil  Electric  Co_ 20  1        1.5 

Sfze^  lailwaj  systens. |  20  1^5 

Telephone  and  tdegmph  companies^ \  13  1.0 

Edison  Co 11  .8 

Standard  OU  Co 7  .6 

bbonational  Pomp  Co 6  .5 

Ammcan  Sngar  Burning  Co— 5  .4 

IGsoeUaneoos. 19  1.5 

Total 24o  19.0 

age  of  the  older  ones  especially,  that  now  stand 
highest  in  their  professional  work,  are  those  who  have 
started  in  as  machine-shop  apprentices.  The  ai>- 
prenticeship  course  of  one  to  two  years  immediately 
after  graduation  has  stamped  itself  as  the  surest 
road  to  eminent  success  in  later  vears. 
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A  trifle  less  than  5  per  cent,  of  all  the  graduates 
have  entered  occupations  that  ai-e  in  no  way  asso- 
ciated with  manufacturing  or  engineering  work. 

An  interesting  fact,  proving  that  pluck  and  perse- 
verance are  necessary  in  engineering  in  winning  the 
higher  positions,  is  shown  by  the  notably  large  num- 
ber of  salaried  men  who  have  attempted  to  take  up 
independent  work,  principally  as  consulting  engineers 
and  firm  members,  but  who  have  had  to  fall  back  to 
salaried  positions  from  time  to  time.  This  applies 
more  particularly  to  the  period  of  five  to  fifteen  years 
after  graduation.  It  does  not  show  in  the  tables  or 
the  curves,  for  these  men  have  eventually  won  out, 
and,  taken  as  a  whole,  have  marched  steadily  onward 
and  upward  as  shown  in  Cui-ve  B,  Fig.  1. 

A  number  of  men  who  have  been  classed  as  owners 
of  a  business,  presidents,  etc.,  at  one  period,  have 
had  to  be  changed  over  to  the  salaried  position  class 
as  superintendents,  managers,  etc.,  at  another  period, 
on  account  of  the  formation  of  large  corporations,  or 
''trusts."  But  for  this,  it  is  quit^  likely  that  Curve 
B,  Fig.  1.  would  continue  to  rise  at  a  more  uniform 
rate  after  the  twentieth  year  and  that  Cui-ve  C  of 
salaried  positions  would  fall  correspondingly.  These 
same  business  combinations  have  in  some  cases  com- 
pelled a  man  to  step  from  chief  engineer  in  the  small 
firm  to  the  lower  rank  (but  often  a  really  larger  posi- 
tion) of  department  engineer  in  the  larger  corporation. 
In  a  number  of  cases  men  are  engaged  in  two  or 
more  occupations,  such  perhaps  as  professor  and 
consulting  engineer,  or  oflBcer  of  a  firm  and  consult- 
ing engineer,  in  which  cases  only  one  oflBce,  of  course. 
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has  been  taken,  and  that  the  one  to  which  the  person 
was  giving  the  most  time  and  attention  so  far  as 
could  be  judged.  The  items  ''firm  member"  and 
"owner  of  a  business,"  Xos.  4  and  5  in  Table  I.,  in- 
clude chiefly  members  of  firms  that  are  engaged  in 
manufacturing,  or  sj^ecific  engineering  lines.  Many 
who  are  consulting  engineers  are  also  ''firm  mem- 
bers" or  ''owners  of  a  business,"  but  are  here  re- 
corded as  a  mle  in  their  professional  capacity.  The 
offices  of  vice-president  and  manager  are  often  com- 
bined, the  former  title  being  the  one  generally  re- 
corded in  this  work.  Here  again  it  was  necessary 
to  consider  each  case  with  the  data  and  knowledge  at 
hand  and  enter  accordingly,  for  the  proportion  of  the 
independent  and  salary  curves  of  Fig.  1  is  affected. 

In  making  up  Table  I.  a  much  larger  number  of 
occupations  than  the  64  shown  were  originally  listed. 
It  was  necessary,  however,  to  keep  down  the  bulk  of 
this  table,  and  many  occupations  or  offices  in  which 
one  may  be  engaged  will  not  be  found.  They  are, 
however,  all  merged  with  one  or  another  of  the  items 
according  to  the  knowledge  of  the  man,  most  of  the 
omitted  items  being  classed  with  "department  engi- 
neer." In  some  places  "department  engineer" 
means  more  than  "chief  engineer"  in  others,  but  the 
smooth  curves  indicate  that  the  knowledge  of  the 
men  and  the  law  of  averages  serve  to  keep  the  record 
about  right. 

TThere  graduates  have  started  in  as  consulting  engi- 
neers, chief  engineers,  superintendents,  etc.,  it  has 
generally  been  the  case  that  the  men  were  older  than 
the  average  and  that  they  had  had  considerable  experi- 
ence before  coming  to  the  institute. 
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It  has  frequently  happened  that  men  have  held 
higher  titles  during  the  intermediate  years  than  on 
the  fifth,  tenth,  fifteenth,  etc.,  but  it  is  believed  that 
by  adhering  strictly  to  the  five-year  period  a  fair 
average  has  been  obtained. 

The  term  ''cadet  engineer"  is  one  that  has  been 
frequently  used  by  young  graduates,  especially  those 
going  into  gas  engineering  work,  but  it  is  not  included 
in  this  list  for  the  reason  that  a  great  many  more 
are  positively  known  to  have  started  in  under  this 
title  than  are  so  recorded.  Rather  than  understate 
this  important  position,  for  it  is  to  the  gas  business 
what  the  shop  apprenticeship  course  is  to  the  machine 
manufacturer  and  engineer,  it  has  been  classed  in 
with  "miscellaneous  engineering  work."  The  same 
might  be  said  of  the  student  courses  in  the  large 
electrical  manufacturing  companies. 

In  response  to  the  circular  sent  out  for  information 
for  this  paper,  a  number  of  the  graduates  took  occa- 
sion to  write  their  views  in  addition  to  filling  out  the 
forms.  These  are  of  interest  and  value  in  the  study 
of  this  subject,  coming  as  they  do  from  graduates 
who  have  had  a  varied,  and  in  most  cases  a  highly 
successful  experience.  The  following  are  extracts 
from  some  letters,  selected  to  show  the  several  points 
of  view  of  graduates  in  various  lines  of  work. 

From  one  who  has  had  an  excellent  chance  for 
observation : 

"My  own  personal  opinion  after  eighteen  years 
of  experience  is  that  a  technical  education  is  of  the 
greatest  value,  and  if  the  graduate  will  content  him- 
self to  begin  at  the  veiy  bottom  of  the  ladder  and 
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work,  not  for  the  salary  which  he  may  thiok  he  onght 
to  rec-eive.  but  with  the  idea  that  within  ten  years  he 
shall  attain  a  position  of  responsibility,  if  not  inde- 
pendence, he  will  certainly  get  it.  The  greatest  diffi- 
cnlty  we  have  to  contend  with  these  days  in  the  em- 
ployment of  yonng  engineers  is  the  feeling  on  their 
part  that  their  efforts  are  not  sufficiently  appreciated. 
If  iiie  hours  that  are  spent  in  trying  to  devise  ways 
and  means  to  raise  their  salaries  were  spent  in  appli- 
cation to  iiie  work  intrusted  to  their  care  the  salary 
question  would  take  care  of  itself.  In  our  firm  we 
have  many  technical  men  of  several  nationalities — 
American.  English.  German  and  Japanese— which  has 
given  me  an  unusual  opportunity  to  study  human 
natore.  espexi'ially  technical  nature,  and  the  above 
observation  holds  fairly  true  of  all.  Our  firm  has  a 
great  variety  of  departments— textile,  metals,  glass, 
timber,  cereals,  fertilizers,  finance,  and  engineering— 
as  well  as  actual  machinery  manufacture,  and  my 
attention  has  often  been  struck  by  the  manner  in 
usiiich  aid  is  sought  of  the  engineering  department 
whenever  troubles  are  encountered.  I  have  had  good 
chances  to  see  for  myself  the  advantage  of  an  engi- 
neering education  and  am  a  thorough  Ijeliever  in  it." 

From  a  member  of  a  general  engineering  firm: 

"The  technical  graduate  who  possesses  both  a  good 
engineering  and  business  training  has  a  considerable 
advantage  over  the  man  with  a  commercial  ti^aining 
only.  I  think  that  a  conservative  estimate  of  the 
advantage  due  to  the  technical  training,  in  men  of 
the  same  native  ability,  would  be  from  25  per  cent. 
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to  50  per  cent,  over  the  man  with  the  commercial 
training  only;  this  is  allowing  for  the  fact  that  the 
commercial  man  has  had  a  longer  training  in  that  line 
than  has  the  man  with  the  dual  training.  The  degree 
of  advantage  bestowed  by  the  dual  training  will,  of 
course,  vary  with  the  excellence  of  the  balance  main- 
tained between  the  two  and  the  field  of  business  in 
which  they  are  employed." 

From  one  who  worked  his  way  up  through  minor 
positions  and  at  the  end  of  his  tenth  year  was  half 
owner  of  a  manufacturing  business.  He  is  now  a 
part  owner  of  five  different  manufacturing  plants  all 
devoted  to  the  production  either  of  machine  parts 
or  of  engineering  rather  than  commercial  products. 
He  also  stated  in  the  circular  form  that  his  present 
position  as  owner  of  a  business,  firm  member,  etc., 
is  due  entirely  to  his  own  resources— that  is,  without 
the  aid  of  family  inheritance,  etc.: 

''Eeference  to  the  enclosed  form  will  show  that  my 
real  material  progress  began  after  I  had  abandoned 
engineering  work.  Eeference  to  my  record  at  Stevens 
will  show  that  I  was  always  well  above  the  average 
in  all  my  studies,  taking  the  entire  course  without  a 
condition.  My  later  record  would  perhaps  show  that 
it  is  pardonable  for  me  to  assume  that  I  am  not 
deficient  either  as  a  manufacturer  or  business  man, 
and  yet,  as  long  as  I  devoted  myself  to  engineering 
purely,  I  was  only  able  to  make  rather  unsatisfactory 
headway. 

''I  believe  there  are  too  many  high-class  engineer- 
ing   colleges.       The    profession    is    over-stimulated. 
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There  are  to-day  one  thousand  highly  trained  and 
really  competent  engineers  doing  such  work  as  a 
draughtsman  or  any  ordinary  bright  high-school  boy 
could  do  after  one  year's  practical  experience  in  a 
draughting  room.  I  could  cite  special  cases  that 
have  come  under  my  notice  of  efficient  men,  graduates 
of  good  western  institutions  and  several  years  out  of 
college,  who  are  doing  work  that  could  easily  be  done 
by  a  bright  messenger  boy.  I  feel  that  I  owe  abso- 
lutely nothing  to  my  ahna  mater  except  a  few  wasted 
years.  I  regret  that  this  should  be  so.  I  know  that 
this  opinion  will  not  be  well  received,  but  I  believe  it 
is  time  that  this  'jollying'  and  self-glorification  should 
be  stopped  and  some  honest  words  be  said  on  the 
other  side.  There  are  too  many  engineering  colleges, 
not  enough  trade  schools." 

From  one  who  is  a  leading  member  of  a  large 
mercantile  manufacturing  firm  but  whose  office  is 
entirely  independent  of  engineering  or  technical  work : 

''I  do  not  know  that  it  would  properly  come  within 
the  scope  of  your  paper,  but  I  would  like  to  see  more 
stress  put  upon  the  by-products  of  engineering  edu- 
cation. Herbert  Spencer  wi'ote,  'so  that  only  by 
gi^dng  us  some  utterly  different  mental  constitution 
could  the  process  of  civilization  have  been  altered.' 
It  would  seem  to  me  that  the  attention  now  being 
given  to  scientific  and  engineering  studies  may  induce 
a  different  mental  constitution  and  thereby  be  a  bless- 
ing to  the  world.  I  have  an  abiding  faith  in  the 
discii3linary  value  of  engineering  education." 

From  one  man  who  has  built  up  a  large  business  in 
consulting  engineering  and  patent  work: 
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*'A11  my  profits  have  been  the  direct  result  of 
technical  knowledge  acquired  at  Stevens,  and  subse- 
quent self-education  and  experience." 

From  one  who  has  been  graduated  nearly  twenty 
years  and  is  now  superintendent  of  important  work: 

"I  entered  Stevens  after  leaving  the  machinist's 
trade,  and  this  preliminary  training  coupled  with  the 
college  education  has  been  of  the  greatest  value." 

Fronuone  successfully  engaged  in  a  special  line  of 
ranch  work  after  a  varied  experience  of  more  than 
fifteen  years: 

"While is  not  a  branch  of  mechanical  engi- 
neering, I  have  found  many  uses  for  what  knowledge 
I  possess  of  the  subject,  and  if  I  had  a  son  to  edu- 
cate, should  have  him  learn  engineering  of  some  class. 
I  believe  it  fits  one  for  quick  and  accurate  thinking, 
develops  one's  powers  of  observation,  and  would  be 
of  considerable  benefit  for  anyone." 

From  one  who  is  managing  director  of  one  of  the 
world 's  largest  branch  organizations : 

"I  cannot  say  that  my  modest  success  is  the  direct 
result  of  engineering,  but  I  do  believe  that  the  ten 
years  of  engineering  work  after  graduation  made  my 
present  position  possible." 

From  one  who  has  been  connected  with  large  in- 
dustrial corporations  for  more  than  fifteen  years : 

*'I  consider  that  most  engineering  positions  with 
large  corporate  interests  require  executive  ability 
combined  with   engineering   knowledge    and   that   an 
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engineering   education  is   about   the   best   foundation 
for  almost  any  position  of  large  responsibility." 

From  a  member  of  a  well-known  firm  of  arcliitects : 

**I  consider  myself  more  architect  than  engineer. 
but  never  could  have  made  my  present  position  with- 
out the  Stevens  training  and  my  early  experience." 

From  one  engaged  in  commercial  work  for  a  well- 
known   electrical   engineering   company: 

"An  engineeiing  education  is  a  necessity  for  a 
man  desiidng  to  engage  in  commercial  work  in  the 
electiical  field.  The  positions  in  the  sales  depart- 
ments of  the company  are  nearly  all  filled  by 

technical  gi'aduates  who  have  sei'ved  in  the  engineer- 
ing department." 

From  an  eminent  consulting  engineer  who  has 
earned  the  distinction  of  being  the  leading  American 
authority  in  the  branch  of  the  profession  to  which 
he  is  devoted: 

''Had  to  make  my  own  way  without  aid  of  any 
kind.     Had  to  build  up  my  own  influences." 

T:  -  "f.-t  sentence  of  the  above  quotation  is  sug- 
gested by  the  author  of  this  paper  as  a  worthy  one 
for  every  young  graduate  to  bear  in  mind. 

TABLE    VII. 

Showexg  Specialties  ix  which  the  Stevxss  Geadcates  abe  E^tgaged. 

Acetylene  generators.  Air  pumps. 

Actuaries.  Air  lift  pumps. 

Advertising.  Ammonia  valves  and  fittings. 
Agricultoral  implements  and  ma-       Annealing  famaces. 

chinery.  Appraisers. 

Air  brakes.  Architects. 

Air  compressors.  Artesian  wells. 
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Artificial  stone. 

Asbestos. 

Asphalt. 

Assayer. 

Automatic  machinery. 

Automobile      manufacturers 

sales  agents. 
Axles. 


and 


Babbitt  metals. 

Ball  bearings. 

Banking. 

Barrel  manufacture. 

Batteries,  electric. 

Beet  sugar  machinerr  and  manu- 
facture. 

Belt  conveyors. 

Belt  lacing. 

Billing  machines. 

Biscuit  manufacture. 

Blast  furnace  work. 

Blowers  and  exhaust  fans. 

Blue  printing  apparatus. 

Boat  builders. 

Boilers. 

Boiler  coverings. 

Bolt  and  nut  manufacturers. 

Bookbinders. 

Bottling  apparatus. 

Brakes. 

Brass  and  bronze  bearings. 

Brass  rolling  mill. 

Brass  wire  and  metal  goods. 

Brewers. 

Bricks. 

Bridge  builders. 

Brokers — insurance,  bond,  stock 
and  general. 

Brushes  for  motors  and  genera- 
tors. 

Builders  and  building  materials. 

Cables,  wire  and  insulated. 
Caissons. 

Calculating  machines. 
Canned  goods. 


Carbons  and  carbon  brushes. 

Carbonating  apparatus. 

Carburetted  water-gas  plants. 

Cars. 

Car  couplers. 

Car  heaters. 

Car  lighting. 

Car  seats,  car  wheels,  etc. 

Castings. 

Casualty  companies. 

Cement. 

Chemicals. 

Chemists. 

Chimneys. 

Civil  service  examiners. 

Clergymen. 

Clocks. 

Coal  handling  machinery. 

Cold  storage. 

Coke  and  gas  plants. 

College  presidents  and  college  pro- 
fessors, etc. 

Concrete  buildings  and  concrete- 
steel  construction. 

Condensers,  steam. 

Conduits. 

Consulting  engineers. 

Contractors. 

Conveying  machinery. 

Cooling  towers. 

Copper  mining,  copper  refining, 
copper  rolling  mills,  etc. 

Core  drilling. 

Correspondence  instruction. 

Cost -keeping  devices. 

Cotton  gins,  cotton  ginning  ma- 
chinery. 

Cotton  manufacturers. 

Cotton  oil,  cotton-seed  oil  mills, 
etc. 

Cranes. 

Dams. 

Designers     of     machinery,     power 

plants,  etc. 
Diamond  tools. 
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Distilling  apparatus. 

Dock  builders. 

Doctor. 

Draughtsmen. 

Dredging  and  dredging  machinery. 

Drills  and  drill  chucks. 

Dry  docks. 

Drying  apparatus. 

Dyers  of  silk,  cotton  and  wool. 

Dynamos. 

Editors. 

Electric  clocks,  controllers,  eleva- 
tors, generators,  lamps,  light 
and  power  companies,  motors, 
railways,  railway  supplies,  signs, 
specialties,  switches,  etc. 

Electrical  contractors  and  experts. 

Electrical  instruments. 

Electro-chemistry. 

Electrolysis. 

Electro-magnet  machinery. 

Elevators. 

Emery  presses. 

Engines — steam,  gas,  steering. 

Engineers — architectural,  bridge, 
chemical,  civil,  consulting,  con- 
structing, contracting,  design- 
ing, electrical,  gas,  heating, 
hydraulic,  insurance,  marine, 
mechanical,  mining,  natural  gas, 
ordinance,  power  plant,  park, 
public  works,  railroad  signal, 
railway,  sanitary,  structural, 
sugar,  ventilating,  etc. 

Engineering  economics. 

Examiner  of  patents. 

Excavating  machinery. 

Experimental  work. 

Exporters  and  importers. 

Factory  accounts. 

Factory  construction. 

Factory  managers. 

Fans. 

Feed-water  heaters. 


Filters  and  filter  presses. 

Fire  alarms  and  fire  extinguishers. 

Fire  insurance. 

Fluorescence  screens. 

Flooring. 

Flour  manufacturer  and  flour  mill 

machinery. 
Forest  land  development. 
Forges  and  forgings. 
Foundations. 
Foundry  supplies. 
Friction  clutches. 
Fuel  economizers. 
Fuel  oil  appliances. 
Furnaces. 

C4alvanizers. 

Gas  buoys  and  beacons. 

Gras  engines,  generators,  light  com- 
panies, machinery,  producers, 
appliances,  etc. 

Gauges,  pressure  and  vacuum. 

Geologist. 

Gold  dredging  machinery. 

Gold  milling  machinery. 

Gold  refining. 

Governors — steam  engine  and  gas. 

Graphite. 

Greenhouses. 

Hardware  manufacturer. 

Hat  manufacturer. 

Harvesting  machinery. 

Heating  apparatus,  heating,  light- 
ing and  power  plants,  heating 
and  ventilating. 

Hoisting  and  conveying  machinery. 

Hotels. 

Hot-air  engines. 

Hydraulic  machinery,  presses, 
rams,  etc. 

Importers. 

Incandescent    electric    lamps    and 

filaments. 
Incandescent  gas  lamps,   mantles. 
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Indicators,  steam-engine. 

Industrial  railroads. 

Injectors. 

Ink  rollers. 

Instructors. 

Insurance — accident,  fire,  life  and 

marine. 
Investigations. 
Inventors. 

Iron  and  brass  fittings. 
Iron  foundries. 
Iron     workers,     ornamental     and 

structural. 

Jewelry  manufacturer. 
Journalism. 


Measuring  instruments. 

Mechanical  stokers. 

Merchants. 

Metallurgists. 

Metals,  perforated. 

Minerals. 

Mineral  waters. 

Mining  and  mining  machinery. 

Model  and  experimental  work. 

Motor  boats. 

IMotor  cars. 

Motors,  electric  railway,  gasoline. 

Music-playing  apparatus,  electric. 

Music  teacher. 

Naval  constructor. 


Kerosene  engines. 
Kilns. 

Labor-saving  devices. 
Lamps,  arc  and  incandescent. 
Landscape  architect. 
Launches. 
Lawyers. 

Lead  manufacturer. 
Leatner  goods,  leather  tires,  arti- 
ficial leather. 
Licorice  manufacturer. 
Lighting  plants. 
Locks. 

Locomotives. 
Lubricants. 
Lumber. 

Machine  tools. 

Machinery. 

Magnesia. 

Marble  machinery. 

Manual  training. 

Manufacturer's  agents. 

Manufacturers'  supplies. 

Marine  architects. 

Marine  engines,  pimips,  plumbing. 

Masons  and  builders. 

Mathematical  instruments. 


Office  systems. 

Oils,  oil  burning,  oil  engines. 

Oil-drilling  supplies. 

Oil  and  natural  gas,  oil   refining, 

oil  concentration. 
Oyster  grower. 

Packing  cans. 

Packing-case  manufacturer. 

Paper-box  manufacturer. 

Paper  manufactursrs. 

Park  superintendent. 

Patent  attorney. 

Phosjihate. 

Physical  laboratories. 

Pipe  and  fittings. 

Pipe  lines. 

Plate-steel  work. 

Ploughs. 

Plumbago,  plumbago  plates. 

Plumbers'  sipplies. 

Plumbing. 

Pneumatic  tools. 

Power  companies,  power  develop- 
ments, power  plants,  power 
transmission. 

Preserved  fruit. 

Presses,  die  and  tool. 

Pressure  blowers. 
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Print  works. 

Printers. 

Printeis'  rollers. 

Promoters. 

Palp  maimfjaetmc. 

Pmnps,  artesiaii  \rell  and  torbine. 

Pmnping    engines,    pumping    ma- 

chinerr,  pumping  plants. 
PoTchasing  ageaits. 
Pyrumeters. 

Badiators. 
Bail  joints. 
Bails. 

Bailwaj  construction. 
BailwaT  maintenance. 
Bailway  repair  shops. 
BailwaT  .signals. 
BailwaT  si^plies. 
Beal  estate. 
Becording  insl^nments. 
Befrigerating   engineers,    refriger- 
ating machineiy. 
Bi^[isters. 

Beinforeed  concrete  construction. 
Bheostats. 

BiTer  and  harbor  improroments. 
Bo^  drills. 

Bock  and  ore  crashers. 
Boiling  and  mill  machinerv. 
Bope. 
Bubber  good?,  rubber  manuiacture. 

Safes  and  bank  Taults. 
Sales  agents,  sales  engineers. 
Salt  manufacture. 
Saw-mill  maehineiy. 
ScientisL 

Screening  machinery. 
Seamless  tubes. 
Separators. 
Sewage  purification. 
Shafting. 
Shapers. 

Sheetrmetal      goods,      sheet-metal 
woric 


Snop  management. 

SUk  machineiy,  silk  manufacturer. 

SilTcr  rollers. 

SJlrersmithft. 

Smelters. 

Soaps  and  perfum^L 

Special  machineiy. 

Speed  indicators. 

Sta^s. 

StatisticiaiLS. 

Steam  boilers. 

Steam  engines. 

Steam  fitters. 

Steam  hammers. 

Steam  heating. 

Steam  pimips. 

Steam  shorels. 

Steam  superheaters. 

Steam  traps. 

Steam  turbines. 

Sted  axles. 

Steel  barrels. 

Steel  castings. 

Steel  construetion. 

Steel  manufacturers. 

Sted  works. 

Stime,  artificial. 

Storage  batteries. 

StOTc  manuj^ctuieis. 

Street  railways. 

Struetural  steel  and  iron  wortc 

Suction  cleaners. 

Sugar  machineiy. 

Sugar  refiners. 

Sulphur  refining. 

Surveyor. 

Switchboards. 

Table  delicacies. 
Tanks. 

Tanners'  machinery. 
Tanning  extracts. 
Teachers. 
Telegraph. 

Telephones,    telephone    exehai^ira, 
telephone  supplies. 


CAREERS    OF    GRADUATES    IX    E^'GI^'EERIXG.  337 

Testing   laboratories,   testing   ma-       Voltmeters. 

terials. 

Textile  machinery.  Watch-case  maniifacturers. 
Thermometers,  recording  thermom-       Water-gas  plants. 

eters.  Water  meters. 

Thermostats.  Water  power. 

Tile  manufacturers.  \^i'ater  softeners. 

Tobacco  manufacturer.  Water  works. 

Transformers.  Window  glass. 

Tubing.  Wine  producer. 

Tunnels,  tunnel  building.  Wire-drawing  machines. 

Turbines,  steam  and  water.  Wire  nails. 

Typesetting  machinery.  Wire  rope. 

Typewriters.  Wireless  telegraphy. 

Woolen  machinery. 

Vacuum  pans  and  pumps.  Works  management. 

Valves,  valve  manufacturers.  Wrecking  work   (marine). 
Vehicle  manufacturers. 

Veneer  manufacturers.  Yacht  broker. 
Veturi  water  meters. 

Discussion. 
Professor  TVilliston  :  I  have  brought  two  charts 
that  I  think  will  be  of  interest  to  the  Society  in  con- 
nection with  Professor  Fnnnan's  paper.  They  were 
prepared  for  another  purpose,  but  they  show  the 
earning  power  of  the  young  men  who  have  graduated 
from  the  two  year  courses  in  the  School  of  Science 
and  Technology  at  Pratt  Institute.  This  kind  of  data 
is  the  one  thing  which  appears  to  be  lacking  from  the 
information  that  Professor  FuiTuan  has  collected,  and 
these  charts  that  I  have  brought,  reproduced  in  Fig. 
1  and  Fig.  2,  show  it  admirably.  They  give  the 
average  professional  earning  power  of  the  men  each 
year  after  graduation.  The  horizontal  lines  in  the 
figures  represent  $500,  $1,000,  $1,500,  $2,000,  $2,500, 
and  $3,000  respectively,  and  the  height  of  the  vertical 
ordinates  from  the  bottom  of  the  diagi-ams  to  any 
one   of  the  curves   represents   earning  power  at   the 
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corresponding  time.  The  abscissae  or  the  distances 
from  the  left  hand  edge  of  the  diagram  to  the  various 
vertical  lines  represent  the  nnmber  of  years  since 
graduation.  The  height  of  the  cui-ves  at  the  left  hand 
edge  of  the  diagram,  therefore,  represents  earning 
power  immediately  after  graduation,  and  the  height 
of  the  cun-es  at  the  right  hand  side  of  the  diagi'ams 
represents  earning  power  twelve  years  after  gradua- 
tion in  Fig.  1.  and  ten  years  after  graduation  in  Fig.  2. 

These  classes  were  small  ten  or  twelve  years  ago, 
and  therefore  the  data  regarding  the  eai'ning  power 
of  the  men  who  have  been  out  approximately  that 
length  of  time  is  somewhat  unreliable,  as  it  is  aver- 
aged from  the  results  of  the  experience  of  but  com- 
paratively few  individuals.  For  this  reason  the  ends 
of  the  curves  in  both  figures  are  shown  as  dotted 
lines.  The  balance  of  the  curves,  where  the  lines  are 
shown  full,  represents  the  average  results  of  the  ex- 
perience of  a  veiy  much  larger  number  of  men,  and 
consequently  is  correspondingly  more  accurate.  The 
heavy  cui-ve  in  the  center  of  the  cross-hatched  area 
in  each  figure  shows  the  average  earning  power  for 
the  entire  class.  The  top  curve,  forming  the  upper 
boundary  of  the  cross-hatched  area,  shows  the  average 
eai'ning  power  of  the  20  per  cent,  of  the  class  making 
the  best  records;  and  the  bottom  curve,  which  forms 
the  lower  boundary  of  the  cross-hatched  area,  shows 
the  earning  power  of  the  20  per  cent,  of  the  class 
making  the  poorest  financial  records. 

Fig.  1  gives  the  experience  of  the  graduates  of  our 
two-year  course  in  Steam  and  Machine  Design.  It 
shows  an  earning  power  at  gi^aduation  of  a  trifle  over 
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$750,  which  increases  up  to  an  average  of  about 
$1,900,  twelve  years  after  graduation.  The  upper 
line,  giving  the  average  of  the  best  fifth  of  the  class, 
shows  an  initial  earning  power  of  $1,150,  and  increases 


Fig.  1. 
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up  to  about  $3,000.  The  lowest  fifth  of  the  class 
started  at  $500,  and  increased  the  earning  power  up 
to  about  $1,500,  in  twelve  years. 

Fig.  2  gives  the  corresponding  data  for  the  gradu- 
ates of  our  two-year  course  in  Applied  Electricity. 
This  course  has  been  in  existence  only  long  enough 
to   get  the  records   for  ten  years   after   gi-aduation. 
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The  curves  for  it,  however,  correspond  almost  exactly 
with  those  for  the  Steam  and  Machine  Design  course; 
and  it  is  especially  interesting  to  note  the  closeness 
of  the  agreement,  for  the  data  is  taken  from  an  en- 
tirely different  group  of  men  who  come  to  the  Insti- 
tute with  a  somewhat  different  practical  experience, 
and  who  go  out  into  an  entirely  different  field  of  work. 


Fig.  2. 
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In  comparing  the  information  in  these  curves  with 
corresponding  data  from  other  schools  it  should  be 
borne  in  mind  that  these  are  not  courses  for  engi- 
neers, but  are  short  two-year  courses  of  very  practical 
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character,  intended  to  give  the  foundation  training  to 
those  who  wish  to  hold  later  positions  of  foremanship 
or  master-mechanic  t^'pe.  The  men  who  enter  them 
have  had,  as  a  rule,  little  and  sometimes  no  high 
school  training.  Many  of  them,  on  the  other  hand, 
have  had  a  considerable  amount  of  practical  experi- 
ence. The  curves  do  not  give,  therefore,  the  earning 
power  that  graduates  of  engineering  schools  may  ex- 
pect, but,  instead,  the  average  expectancy  of  intel- 
ligent and  capable  young  men  in  manufacturing  plants 
who  have  taken  two  years  to  educate  themselves  for 
positions  of  more  imj^ortance  or  responsibility  than 
those  of  the  skilled  mechanic.  The  curves,  thus 
interpreted,  throw  considerable  light  upon  the  possible 
cash  value  of  two  years  of  technical  training.  It  is 
interesting,  too,  to  discover  that  ten  or  twelve  years 
after  gi'aduation  the  curves  still  keep  on  rising  and 
that  there  is  no  indication  that  we  have  yet  reached, 
or  are  even  approaching  the  point  where  the  curves 
will  turn  and  become  horizontal,  or  nearly  horizontal. 
As  these  courses,  for  which  this  data  was  gathered, 
are  intended  to  train  young  men  who  wish  later  to 
hold  positions  of  foremen,  the  Society-  may  be  inter- 
ested to  know  what  percentage  of  them  are  actually 
doing  work  of  this  grade.  Of  those  who  have  been 
at  work,  since  their  graduation  from  the  Institute,  for 
at  least  five  years,  67  per  cent,  are  at  present  in  posi- 
tions as  foremen,  or  superintendents,  or  are  in  charge 
of  construction  departments,  or  in  some  corresponding 
positions  where  they  are  directing  a  considerable 
number  of  men  in  manufacturing  plants.  Of  the 
remaining  33  per  cent,  a  considerable  number  are  in 
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positions  directly  in  line  for  positions  of  foremansliip 
gi'ade.  and  doubtless  will  in  a  short  time  be  promoted 
into  them.  Of  those  who  have  been  at  work  since 
gi'aduation,  from  six  months  to  four  years,  25  per 
cent,  are  now  holding  foremanships  or  positions  of 
similar  grade;  the  balance  being  in  positions  of  less 
importance. 


THE  USE,  ABUSE,  AND   CARE  OF  LANTERN 
SLIDES. 

BY    HEXRY    H.    XORRIS, 

Professor  of  Electrical  Engineering,  Cornell  University. 

The  subject  of  this  paper  is  one  of  the  many  details 
which  go  to  make  up  the  routine  of  technical  in- 
struction. While  not  in  itself  of  great  importance, 
it  bears  a  relation  to  ^pedagogical  principles.  The 
Society  has  not  discussed  the  matter  in  any  detail, 
and  the  writer  takes  pleasure,  therefore,  in  relating 
his  exiDcrience  with  the  lantern  slide  collection  of 
the  electrical  engineering  department  of  Sibley  Col- 
lege. As  this  collection  has  been  examined  with 
interest  by  a  large  number  of  teachers,  several  of 
whom  have  adopted  the  method  used  for  filing  and 
cataloguing,  a  description  may  save  others  some  of 
the  tedious  experimenting  which  has  resulted  in  the 
present  plan. 

In  introducing  the  subject  it  may  be  well  to  consider 
some  of  the  principles  involved,  and  some  of  the 
dangers  developed  in  the  use  of  the  projection  lantern. 

The  Use  of  Laxterx  Slides  ix  Ixstrijction. 
It  is  a  well-known  principle  of  teaching  that  impres- 
sions are  conveyed  much  more  readily  through  the  eye 
than  through  the  ear,  hence  the  wise  teacher  utilizes 
visual  instruction  to  a  considerable  extent.  In  teach- 
ing engineering,  or  any  other  subject^  a  large  amount 
of  raw  material  must  be  accumulated  in  the  mind  of 
the  student  before  it  can  be  organized.      This   raw 
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material  is  preferably  secured  tlirougli  observation. 
The  opportunities  for  observation  vary,  and  all  stu- 
dents in  a  class  cannot  have  seen  the  same  things 
under  similar  conditions,  nor  can  the  members  of 
the  class  be  expected  to  have  seen  everything  that  is 
desirable  as  raw  material  for  a  given  study.  Pictui'es 
must  supply  this  material  to  a  certain  extent,  and 
such  pictures  will  also  serve  to  recall  the  impressions 
of  earlier  observations.  By  projecting  such  pictures 
upon  a  screen  the  teacher  is  able  to  point  out  the 
features  of  importance.  From  the  student's  stand- 
point, therefore,  the  projection  lantern  makes  up  for 
the  deficiencies  in  his  observation. 

To  the  teacher  the  lantern  provides  a  convenient 
means  for  dii'ecting  attention  to  the  objects  upon 
which  he  wishes  to  base  his  instruction.  He  can 
assemble  in  a  single  hour  a  variety  of  illustrations 
drawn  from  all  possible  sources.  These  illustrations 
are  in  permanent  form,  and  they  may  be  used  an 
indefinite  number  of  times.  The  slides  are  compara- 
tively inexpensive.  When  used  with  moderation  they 
stimulate  interest  in  the  students,  and  hence  make 
their  work  more  enjoyable  and  efl&cient. 

In  using  lantern  illustrations  the  teacher  must  keep 
several  important  facts  in  mind.  The  contrasts  of 
light  and  shade  are  trying  to  the  student's  eyes, 
hence  he  should  not  be  expected  to  concentrate  atten- 
tion upon  projected  pictures  for  too  long  a  period. 
The  darkness  of  the  room,  combined  with  the  eye 
strain,  tends  to  produce  sleepiness,  particularly  as  a 
darkened  room  is  usually  poorly  ventilated.  This 
offsets  to   some   extent  the  increase  in  interest   due 
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to  the  use  of  illustrations.  Further,  as  the  pictures 
remain  before  the  students  for  a  very  short  period, 
there  is  danger  that  the  impression  may  be  transient. 
This  danger  may  be  obviated  by  supplying  the  stu- 
dents with  blue  prints  made  from  the  negatives,  and 
by  emphasizing  the  particular  points  which  the  slide 
is  intended  to  illustrate. 

Abuse  of  Lantern  Slides  in  Instruction. 
Lantern  slides  are  so  easy  to  use  that  the  teacher 
is  apt  to  use  them  to  excess.  His  lectures  are  liable 
to  become  mere  descriptions  and  explanations  of  the 
illustrations,  and  they  may  become  more  of  a  hin- 
drance than  a  help.  The  function  of  the  illustrations 
is  to  stimulate  the  students  to  mental  self-activity. 
Hence  if  the  teacher  does  the  thinking  for  the  students, 
the  latter  may  be  mentally  weakened  rather  than 
strengthened-  There  is  also  a  danger  of  using  too 
many  slides  at  one  time.  The  writer  has  attended 
lectures  of  an  hour's  duration,  in  which  from  seventy- 
five  to  one  hundred  slides  were  exhibited.  Obviously 
no  mind  is  so  agile  that  it  can  adapt  itself  to  so  many 
fleeting  impressions.  For  instruction  purposes  a  very 
small  number  of  illustrations  should  be  used  at  one 
time.  These  illustrations  should  be  a  side  issue 
rather  than  the  main  feature  of  a  lecture  or  recita- 
tion. A  whole  hour  should  very  seldom  be  given 
up  to  illustration.  If  possible  students  should  be 
permitted  to  discuss  the  illustrations,  so  that  their 
minds  may  be  kept  alert. 
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The  Caee  of  Lanteex  Slides. 

In  order  to  make  the  matter  perfectly  definite  the 
plan  in  use  in  the  department  of  electrical  engineering 
at  Sibley  College  will  be  described  in  some  detail. 
The  slides  are  made  by  a  photogi'apher  located  in  one 
of  the  university  buildings,  who  receives  certain  privil- 
eges, and  in  return  does  work  for  the  departments 
of  the  university  at  very  reasonable  rates.  The 
photographer  files  his  negatives  serially,  the  numbers 
being  the  same  as  those  placed  upon  the  slides  by 
the  department.  TVith  the  slides  the  photographer 
supplies  two  or  more  blue  prints  made  from  the  nega- 
tives, for  use  in  cataloguing.  On  the  ''copy"  sup- 
plied to  the  photographer  is  marked  in  lead  j^encil 
or  ink  the  source  of  the  illustration.  By  this  means 
the  student,  on  seeing  the  picture,  is  able  to  note  its 
source,  so  that  the  original  article  may  be  consulted 
at  leisure.  The  photographer  also  makes  blue  prints 
when  such  are  ordered  by  the  students,  charging  a 
nominal  price  for  them. 

The  slides  are  filed  in  cabinets  with  a  capacity  of 
one  thousand  each,  consisting  of  ten  shelves,  each  con- 
taining one  hundred  compartments.  These  compart- 
ments are  separated  by  thin  tin  partitions,  the  front 
edge  of  each  being  rolled  over  to  prevent  cutting  of 
the  paper  binders  on  the  slides.  Each  compartment 
is  numbered,  and  the  slides  are  filed  serially,  except 
where  new  slides  replace  the  old  ones  which  have  been 
discarded.  This  system  of  filing  has  several  ad- 
vantages. As  each  compartment  is  supposed  to  con- 
tain a  slide,  a  casual  inspection  shows  when  one  is 
out.     Further,  as  the  slides  do  not  rub  against  each 
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other,  the  wear  on  the  binders  is  very  slight.  The 
cabinets  present  a  neat  appearance,  and  compared 
with  the  value  of  the  slides  they  are  inexpensive. 
The  cost  of  one  cabinet  is  about  twenty-five  dollars, 
not  including  the  numbering  of  the  compartments. 

In  cataloguing  the  slides  two  indexes  are  used.  One 
or  more  prints  of  each  slide  are  mounted  on  large  cards 
of  press-board,  twenty-five  prints  to  the  card.  These 
cards  are  14  X  17  inches  in  size.  The  prints  are  ar- 
ranged by  subjects,  and  the  slides  are  cross-indexed 
to  any  desired  extent.  The  advantage  of  the  large 
card  over  the  small  ones  frequently  used  is  that  the 
entire  collection  on  any  subject  may  be  glanced  over 
quickly.  On  each  print  is  pasted  a  label,  numbered 
to  correspond  with  the  compartment  containing  the 
slide.  The  large  catalogue  cards  are  separated  into  the 
natui'al  divisions  of  the  subject  by  means  of  loose 
boards  with  projecting  indicators. 

A  serial  index  is  also  maintained  for  the  purpose 
of  recording  the  details  connected  with  each  slide. 
For  each  slide  there  is  a  3  X  5  inch  index  card,  and  on 
it  are  entered  the  subject,  the  source,  the  date  of 
ordering,  the  name  of  the  person  ordering,  the  nega- 
tive number  (which  is  usually  the  same  as  the  slide 
number)  and  a  brief  description  of  what  the  slide 
shows  and  in  what  manner  it  can  be  used  to  the 
best  purpose.  This  serial  index  has  been  found  abso- 
lutely necessary,  as  many  slides  have  been  rendered 
useless  because  the  teachers  who  ordered  them  have 
left,  and  there  is  great  difficulty  in  finding  out  just 
what  the  slides  are  for. 
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The  serial  index  is  of  gi'eat  use  in  the  annual  in- 
spection of  the  collection.  The  inspector  goes  over 
the  blue  print  catalogue,  and  picks  out  the  3X5  card 
corresponding  to  each  blue  i^rint.  This  card  is  then 
placed  in  the  slide  cabinet  beside  the  corresponding 
slide.  "When  all  the  blue  prints  have  been  cheeked 
there  should  be  a  3  X  5  card  in  eveiy  slide  compart- 
ment with  a  slide.  If  a  compartment  contains  a  card 
but  no  slide,  the  slide  has  been  lost;  if  it  contains 
a  slide  but  no  card,  either  the  card  was  not  made  out 
at  the  proper  time,  or  the  slide  was  not  indexed  in  the 
blue  print  catalogue.  If  the  slide  compartment  is 
empty  a  slide  has  been  destroyed,  and  it  has  not  been 
replaced  by  a  new  one.  If,  on  checking  a  blue  print, 
a  white  card  is  not  found  for  it,  either  the  white  card 
has  already  been  placed  in  a  compartment  indicating 
a  cross  indexing  of  the  slide,  or  the  3x5  card  was 
not  made  out  the  proper  time.  As  the  purpose  of 
this  system  is  to  make  the  working  as  nearly  auto- 
matic as  possible  and  as  losses  and  mistakes  will 
occur,  the  annual  checking  is  very  necessary  in  order 
to  detect  these  losses  and  mistakes. 

In  the  use  of  the  collection  the  teachers  pick  out 
from  the  blue  print  catalogue  the  numbers  of  the 
slides  which  they  wish.  The  lantern  attendant  selects 
the  slides,  returning  them  to  the  case  immediately 
after  the  lecture.  At  first  it  was  thought  necessary  to 
place  in  each  vacant  compartment  a  card  containing 
the  name  of  the  teacher  drawing  out  the  slide.  This 
has  been  found  unnecessary,  involving  an  additional 
operation.      The   loss   of   slides   is    small,    and   even 
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when  the  loss  can  be  traced  to  an  individual  he  is 
rarely  able  to  locate  the  missing  slide. 

By  means  of  the  system  described  it  is  always  pos- 
sible to  select  the  slides  for  a  lecture  in  from  five 
to  ten  minutes;  and  practically  no  attention  is  re- 
quired after  each  slide  has  been  properly  indexed. 
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BY    WALTER    H.    DRAXE,    A.M., 

Dean  of  the  Department  of  Engineering  and  Professor  of  Civil 
Engineering,  University  of  Mississippi. 

TMs  question  has  been  discussed  in  several  engi- 
neering societies  during  recent  years,  and  the  author 
of  this  paper  is  not  certain  but  that  it  has  also  been 
before  this  Society,  but,  so  far  as  results  are  con- 
cerned, the  question  in  every  case  seems  to  have  been 
left  in  doubt.  Bills,  with  this  end  in  view,  have  been 
introduced  in  the  legislatures  of  two  of  the  western 
states,  and  probably  also  in  others,  but,  for  some 
reason,  they  have  been  all  defeated.  A  bill,  with  the 
same  purpose,  drawn  by  the  writer,  has  been  intro- 
duced twice  in  the  Mississippi  Legislature,  once  in 
the  House  and  once  in  the  Senate,  but  each  time  it 
failed  to  pass  even  the  committee  to  which  it  was 
referred.  The  chaii*man  of  the  house  committee,  an 
honest,  business-like  farmer,  informed  the  gentleman 
who  introduced  the  bill,  that  it  was  the  sense  of  the 
committee  that  engineering  was  a  trade  and  not  a 
profession,  that  not  much  educational  training  was 
necessary  therefor  and,  in  fact,  that  all  the  requisite 
knowledge  could  be  picked  up  by  anyone  of  average 
ability  in  a  short  while.  By  way  of  illustration,  he 
cited  himself  as  well  versed  in  engineering,  asserted 
that  he  had  picked  it  up  at  odd  times  on  the  farm  and 
could  use  the  compass   and  chain  about  as  well  as 
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any  book-leamed  man.     Hardly  more  intelligent  rec- 
ognition was  accorded  the  measure  in  the  Senate. 

Before  drafting  his  bill,  the  author  wrote  to  several 
prominent  practicing  engineers  and  professors  of 
engineering  throughout  the  United  States,  asking  their 
opinions  as  to  the  advisability  of  what  the  bill  pur- 
posed, and  though  many  favored  the  idea,  there  were 
some  who  did  not,  and  for  quite  a  variety  of  reasons, 
the  most  important  of  which  will  now  be  given. 

From  the  practicing  engineers,  in  substance,  the 
reasons  quite  uniformly  were  that  it  would  greatly 
hamper  the  practitioner,  because,  unlike  the  doctor 
and  lawyer,  his  territory  must  necessarily  be  a  wide 
one,  covering  at  least  two  or  three  states,  and  the 
expense  of  keeping  himself  and  all  his  assistants  pro- 
vided with  licenses  in  all  the  states  in  which  he  might 
practice  would  not  only  be  very  troublesome  but 
might  be  very  great.  The  opinion  was  expressed  also 
that,  if  one  state  required  license  and  another  did 
not,  the  effect  would  be  to  drive  the  engineers  out  of 
the  state  requiring  the  license  into  those  which  did 
not,  thus,  in  large  measure,  depriving  the  state  of  the 
benefit  of  skilled  service. 

From  the  professors  of  engineering  came  the  fol- 
lowing reasons:  (1)  That  it  was  unnecessary,  as  the 
dignity  and  efficiency  of  the  engineering  profession 
is  not  dependent  upon  recognition  by  the  state.  (2) 
That  the  state  examinations  would  be  necessarily  very 
simple  and  therefore  would  afford  verj^  little  guar- 
antee of  real  ability.  (3)  That  the  engineering  pro- 
fession, though  its  work  is  based  upon  scientific 
knowledge,  still  requires,  for  its  efficient  practice,  an 
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experience  which  can  not  be  acquired  from  books 
and,  as  a  state  examination,  at  most,  would  only  show 
a  book  knowledge  of  elementary  science,  it  would, 
for  this  additional  reason,  be  a  veiy  poor  test  of 
fitness  for  the  practice  of  engineering,  (-i)  That,  as 
the  boards  of  examiners  would  be  appointed  by  the 
governors  of  the  states,  there  would  be  danger  of 
invohdng  the  engineering  profession  in  state  politics 
and  thus,  instead  of  benefiting  the  profession,  its  effi- 
ciency might,  and  probably  would,  be  lowered.  (5) 
That  it  is  not  easy  to  define  engineering  and  so  there 
would  be  gi'eat  difficulty  in  enforcing  such  a  law,  if, 
indeed,  it  should  not  prove  to  be  practically  imj^os- 
sible.  (6)  That  it  would  very  much  hamper  railroad 
work  and  could  not  be  enforced  upon  United  States 
government  engineers.  Hence  it  would  interfere  with 
industrial  development  in  the  one  case  and  lead  to 
confusion  in  the  other.  (7)  That  the  engineering 
profession  is  a  very  broad  one,  including  services  of 
a  widely  diversified  character,  all  of  which  has  created 
many  branches  of  the  profession.  This  would  neces- 
sitate that  there  be  several  kinds  of  engineering 
licenses,  all  having  some  things  in  common  and  yet 
widely  separated  as  to  others,  and  hence  the  scheme 
of  licenses  would  be  very  complicated  and  would  lead 
to  much  confusion  and  endless  inaccuracies,  which 
would  destroy  very  largely  the  value  of  the  licenses. 
It  is  not  the  main  purpose  of  this  paper  to  combat 
these  arguments,  but  to  offer  what  appear  to  the 
writer  to  be  some  very  good  reasons  why  the  engi- 
neer should  be  required  to  obtain  license  from  the 
state,  and  then  to  leave  the  question  open  for  discus- 
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sion  by  this  Society.  For  their  criticism  also  will  be 
given  an  outline  of  the  bill  drawn  by  the  writer. 
With  reference  to  these  seven  arguments  against  the 
plan,  offered  by  the  professors  of  engineering,  it  may 
be  observ'ed  that,  with  two  exceptions,  Nos.  6  and  7, 
these  same  arguments  might  be,  and  doubtless  some 
have  been,  advanced  with  equal  force  against  re- 
quiring the  lawyer,  the  doctor,  the  dentist,  the  pharm- 
acist, and  indeed  any  professional  man  to  hold  a 
license  before  being  allowed  to  practice.  These  pro- 
fesions  require  technical  knowledge  and  are  upon 
the  same  footing  in  that  all  perform  services  vitally 
affecting  convenience,  comfort,  property,  health,  and 
life.  Number  6  is  without  weight  because  a  railroad 
simply  would  not  employ  an  engineer  in  a  given  state 
unless  he  held  license  in  that  state,  and  the  United 
States  government  engineers  can  be  safely  excepted 
from  the  operation  of  the  law,  as  in  other  cases,  since 
their  being  with  the  government  is  a  sufficient  guar- 
antee of  itself.  Number  7  is  an  imaginary  difficulty, 
as  the  examinations  will  of  course  cover  only  the 
essentials  of  an  engineering  education.  There  are  as 
many  different  kinds  of  doctors  as  there  are  of  engi- 
neers and  no  confusion  or  complexity  exists  in  the 
state  medical  examinations. 

All  of  these  arguments  are  aside  from  the  intent  of 
the  license  plan.  Its  prime  purpose  is  not  to  raise 
the  standards  of  the  engineering  profession.  It  very 
probably  would  not  have  much  influence  in  that  direc- 
tion, as  it  admittedly  has  not  in  the  other  profes- 
sions, but  it  is  to  serve  in  some  measure  to  protect 
the  public  from  impostors  who,  as  matters  now  are, 
can  go  where  they  are  not  known,  claim  to  be  engi- 
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neers,  and  practice,  or  pretend  to  do  so,  without  hav- 
ing even  a  rudimentary  knowledge  of  the  things  they 
offer  to  do.  The  amount  of  faulty  work  done  in  all 
the  states  by  such  men  and  the  amount  of  money 
squandered  on  account  of  them  could  hardly  be  esti- 
mated, and  this  is  especially  true  in  small  towns 
throughout  the  country  where  local  regulations  are 
not  enforced,  and  can  not  be,  to  protect  the  citizens, 
as  is  the  case  in  the  larger  cities.  It  would  seem, 
therefore,  that  simple  economy  should  require  that 
some  step  be  taken  to  check,  if  not  to  put  a  stop  to, 
so  much  wasteful  humbuggery. 

But  there  is  a  far  more  potent  reason  than  mere 
economy.  These  men,  for  the  sake  of  the  money  in 
sight,  will  shoulder  any  sort  of  responsibility  and 
undertake  the  design  and  construction  of  anything, 
no  matter  how  little  they  may  know  about  it  or  how 
much  the  public  welfare,  human  health  and  life  may 
be  dependent  thereon.  This  phase  of  the  question 
is,  just  now,  of  grave  importance,  and  its  importance 
is  a  growing  one,  for  the  reason  that  the  small  towns, 
in  rapidly  increasing  numbers,  are  installing  sewer- 
age systems,  water  works,  and  electric  light  plants, 
besides  other  public  utilities,  upon  all  of  which  rests 
the  convenience,  health,  and  life  of  communities  for 
long  periods  of  time,  if  not  i^ermanently.  The  im- 
l^ortance  of  ha^^ng  this  work  done  and  the  operation 
of  these  plants  supervised,  if  not  economically,  at 
least  in  a  manner  to  protect  health  and  life,  is  ap- 
parent to  anyone. 

As  regards  the  promotion  and  the  protection  of 
public  health,  the  physician  and  the  engineer  are  en- 
listed in  a   common  cause.    But,   with   these   money 
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seeking  impostors  roaming  throughout  the  country 
and  underbidding  those  "^ho  can  and  who  will  per- 
form competent  service,  the  efforts  of  the  physician 
and  the  engineer  are  largely  nullified.  It  is  an  in- 
creasingly hopeless  struggle  to  tiy  to  prevent  typhoid 
fever,  tuberculosis,  and  other  zymotic  diseases,  es- 
pecially in  small  towns,  when  disease-germ  incu- 
bators and  distributors  are  continually  being  con- 
structed and  maintained  in  the  shape  of  poorly 
drained  and  filthy  streets,  faultily  built  and  badly 
maintained  sewerage  systems  and  water  supplies. 
This  Ciuestion  is  of  great  significance  in  the  South 
where  an  immense  amount  of  shoddy  work  is  being 
done  in  the  small  municipalities  and  where  ignorance 
of  engineering  runs  riot.  The  typhoid  fever  prob- 
lem is  going  to  be  a  menacing  one  in  the  next  ten  or 
fifteen  years,  for  a  very  large  per  cent,  of  the  water 
works  and  sewerage  systems  will  then  begin  fully  to 
show  the  effects  of  faulty  construction  and  poor 
operation.  The  great  weight  of  this  phase  of  the 
question  will  be  fully  appreciated  when  we  reflect 
that  the  larger  part  of  the  population  of  the  United 
States  is  resident  in  these  small  towns  and  the  problem 
of  public  health,  as  affecting  the  majority,  is  one  to  be 
met  very  largely  in  these  localities.  While  the  cities 
usually  have  regulations  for  their  own  protection, 
these  small  commimities  are  almost  wholly  without 
any  protection  of  that  kind  and  it  is  upon  work  in 
such  places  that  incomi^etent  men  find  employment. 
The  writer  could  fill  a  volume  giving  accounts  of 
cases,  illustrating  the  truth  of  these  statements,  which 
have  come  under  his  own  obser^-ation,  and  doubtless 
other  members  of  this  Societv  can  cite  manv  more. 
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He  Trill  mention  only  one.  that  of  a  town  of  some 
three  or  four  thousand  inhabitants,  a  community  of 
refinement  and  culture.  In  this  town,  the  superin- 
tendent of  the  electric  lighting,  water  works  and 
sewers,  was  an  illiterate  old  man  who  had  moved  in 
from  a  farm.  The  first  new  house  he  wired  was  con- 
nected directly  to  the  street  main  without  the  inter- 
vention of  a  transformer.  The  house  was  saved  only 
by  the  fact  that  he  did  take  the  precaution  to  put 
in  a  fuse.  The  systems  of  this  town,  costing  at  in- 
stallation about  $40,000,  have  seldom  had  any  more 
intelligent  suj^ervision  than  this,  and  now.  after  only 
twelve  years  of  use,  the  whole  thing  is  being  largely 
renewed,  for  which  new  bonds  are  being  floated,  al- 
though little  provision  for  the  liquidation  of  the 
original  issue  has  been  provided.  How  long  this 
sort  of  thing  can  continue  is  a  matter  of  conjecture. 
But  this  is  not  all.  The  engineer  employed  to  draw 
the  plans  and  write  the  specifications  for  this  new 
installation,  while  a  good  machinist,  has  never  even 
studied  simple  projection,  and  yet  the  whole  outlay  is 
entirely  in  his  hands.  All  of  this  is  typical  of  what 
is  happening  everywhere  in  the  small  towns,  and  par- 
ticularly in  the  South.  These  things  call  loudly  for 
a  remedy  and  a  preventative.  Certainly  the  main 
function  of  the  state  is  to  guard  the  public  welfare 
and  to  prevent,  if  possible,  those  things  which  jeop- 
ardize health,  life  and  wealth.  Surely  then,  in  this 
case,  the  state  should  intervene  and  demand  that  a 
man,  who  would  practice  a  profession  like  engineer- 
ing, shall  give  evidence,  even  though  it  be  small,  that 
he  possesses  at  least  a  little  knowledge  of  what  he 
proposes  to  do. 
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And  again,  though  it  may  be  admitted  that  the 
license  requirement  will  in  very  small  degree,  if  at 
all,  affect  the  standards  of  the  engineering  profession, 
it  will  contribute  very  largely  to  the  possible  useful- 
ness of  the  profession  to  others.  The  popular  idea 
of  a  profession  does  affect,  in  large  measure,  the  pos- 
sibility of  service  accorded  to  it,  and,  so  long  as 
engineering  is  regarded  as  a  mere  trade,  as  it  is  by 
a  large  majority,  and  in  the  South  by  a  very  large 
majority,  its  work  will  not  command  the  popular 
respect,  nor  will  it  receive  at  the  hands  of  the  law 
that  recognition  and  protection  which  it  deserves  and 
which  its  importance  demands.  This  part  of  the 
question  would  be  relatively  of  small  weight,  if  it 
were  not  for  the  fact  that  upon  the  engineer  rests  the 
public  welfare,  and  whatever  curtails  his  usefulness 
also  vitally  affects  that.  As  long  as  the  engineer  is 
regarded  as  a  tradesman,  the  preparation  necessary 
for  the  performance  of  his  work  will  never  be  de- 
manded and  will  not  be  what  it  ought.  This  very 
misconception  of  the  engineer's  rank,  with  the  conse- 
quent underrating  of  the  importance  of  his  work  and 
the  skill  requisite  therefor,  is  the  source  of  the  power 
of  incompetence.  Impostors  can  palm  off  their  cheats 
on  the  public  because  the  average  man  has  never  had 
a  reason  to  consider  the  importance  of  engineering 
work,  nor  does  he  appreciate  how  vitally  the  pros- 
perity of  a  community  is  affected  thereby.  And, 
even  where  some  effort  is  made  to  insure  competence, 
there  is  little  recourse  for  reliable  information.  Ap- 
plicants need  little  guarantee  besides  their  own  words 
and  the  easily  gotten  recommendations  of  their  friends- 
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There  is  never  any  danger  of  incomiDetence  getting 
in  contTol  of  the  larger  enterprises,  bnt.  in  this  con- 
nection, it  must  not  be  forgotten  that  these  constitute 
but  a  relatively  small  part  of  the  services  of  the 
engineering  profession.  The  great  bulk  of  engi- 
neering work  consists  of  small  undertakings,  which, 
because  of  their  very  smallness,  as  regards  the 
amounts  of  money  involved,  are  thought  not  to  re- 
quire so  much  skill.  It  is  here  that  protection  is 
needed,  for  it  is  upon  such  enterprises  that  incom- 
petent men  dare  to  offer  their  services  with  hoj^e  of 
success.  Some  inducement  should  be  held  out  to 
those  possessing  real  merit  to  undertake  these  works. 
Bnt  so  great  has  cheap  competition  become  that  a 
real  engineer  can  not  afford  to  even  offer  to  perform 
services  individually  smaU  in  magnitude,  for  simply 
being  brou^t  into  competition  with  '^ shysters"  will 
injure  Ms  reputation.  If  he  would  preserve  his 
measure  of  popular  respect  he  must  reserve  himself 
for  the  larger  enterprises  where  such  men  do  not  dare 
compete.  Thus  the  great  bulk  of  engineering  work 
is  done  by  men  of  very  little,  if  any,  skiU. 

There  is  still  another  good  reason  for  the  license, 
in  the  effect  it  will  have  indirectly  upon  engineering 
education,  "While  not  doing  much  to  raise  the  stan- 
dards of  collegiate  training,  yet  in  elevating  the  poi> 
ular  estimate  of  the  profession,  it  will  invite  into  its 
ranks  more  and  more  of  intelligence  and  natural  skill. 
In  s:  lie  of  the  fact  tiiat  the  northern  and  western 
institutions  are  devoting  much  attention  to  engineer- 
ing education,  a  statement  not  so  true  of  the  South, 
it  is  yet  true  that  a  larger  part  of  the  educational 
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energy  of  the  country  is  being  expended  in  the  train- 
ing of  the  members  of  the  other  professions  and  into 
those  professions  is  drifting  a  correspondingly  larger 
part  of  the  most  intelligent  young  manhood.  Engi- 
neering at  best  is  an  arduous  profession,  both  in  the 
preparation  therefor  and  in  its  practice,  and  it  is 
made  less  in\dting  to  the  average  young  man  when  he 
considers  that,  after  all  this  preparation  for  a  work 
which  is  in  any  case  difficult,  he  will  be  forced  to  face 
competition  with  incompetency  and  with  practically 
no  protection  therefrom.  The  writer  believes  that, 
with  engineering  licenses  required  all  over  the  coun- 
try, not  only  will  the  attendance  in  engineering  col- 
leges be  increased  very  largely  but,  what  is  to  be 
more  desired,  the  grade  of  students  will  be  much 
higher. 

These  are  the  reasons  for  the  writer's  belief  that, 
like  the  lawyer  and  the  doctor,  the  engineer  should 
be  required  to  hold  a  license  upon  examination  before 
being  allowed  to  practice.  But  the  accomplishment 
of  the  passage  of  such  a  law  by  the  states  rests  upon 
the  engineers  of  the  country.  The  lawyers  and  doc- 
tors are  required  to  hold  license  because  the  members 
of  those  professions  demanded  that  such  a  law  be 
passed,  and  they  see  to  its  enforcement.  If  then 
the  idea  be  a  good  one,  both  for  the  engineering 
profession  as  a  whole  and  for  the  protection  of  the 
public,  there  is  only  one  way  to  put  the  idea  into  an 
operative  law,  and  that  is  for  the  members  of  the 
engineering  profession  to  unite  in  a  demand  for  its 
passage  and  enforcement  in  every  state.  The  in- 
fluence of  this  Society,  composed  as  it  is  of  most  of 
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the  ablest  and  best  known  engineers  of  the  country, 
vill  go  far  towards  creating  that  demand. 

The  following  is  an  outline  of  the  bill  as  introduced 
in  the  Mississippi  Legislature: 

1.  Requiring  that  all  who  would  practice  surveying  or  engi- 
neering in  the  State  must  obtain  license  to  do  so  as  provided 
in  the  bilL 

2.  Providing  for  the  appointment  by  the  governor  of  a 
board  of  five  examiners,  all  of  whom  are  to  be  practicing 
engineers  of  long  standing  and  high  reputation  in  the  state. 
The  members  of  the  board  are  to  hold  office  only  with  the 
governor  appointing  them  and,  after  the  first  board  has 
served,  no  one  is  to  be  eligible  to  appointment  who  does  not 
hold  an  engineer's  license.  Members  of  the  first  board  are 
to  receive  engineer's  licenses  upon  going  into  office. 

3.  Organization  of  the  board  shall  begin  by  electing  a  presi- 
dent and  a  secretary  from  among  their  number. 

■L  Eecords  of  all  proceedings  are  to  be  kept  by  the  secre- 
tary and  such  records  are  to  be  filed  in  the  office  of  the 
secretary  of  state. 

5.  A  fee  of  ten  dollars  is  to  be  chained  each  applicant  for 
admission  to  each  examination  he  may  take,  whether  suecess- 
fnl  or  not,  and  the  proceeds  from  these  fees  is  to  be  divided 
equally  among  these  members  of  the  board  present  and  hold- 
ing the  examination  as  their  compensation  therefor. 

6.  The  examinations  are  to  be  held  beginning  Tuesday  of 
the  first  week  in  April  and  October  of  each  year  and  the 
board  is  to  assemble  for  that  purpose  in  the  state  eapitol. 

7.  Three  members  of  the  board  constitute  a  quorum  for 
business  and,  in  the  absence  of  the  president  or  secretary, 
a  president  or  a  secretary  pro  tempore  must  be  elected. 

8.  The  governor  may  remove,  upon  cause  shown,  any  or 
all  of  the  members  of  the  board,  and  appoint  others  to  fill  their 
places,  and  he  may  fill  any  vacancies  which  may  occur  from 
other  causes. 

9.  The  state  is  to  furnish  all  material,  stationery,  record 
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books,  etc.,  necessary  in  the  conduct  of  the  examinations  and 
in  the  keeping  the  records  of  the  proceedings. 

10.  Providing  for  two  grades  of  licenses,  a  surveyor's 
license  and  an  engineer's  license.  The  examination  for  the 
former  is  to  be  upon  surveying  instruments,  plane  survejing 
and  particularly  land  surveying,  including  the  history  of 
public  land  surveys  and  the  scheme  therefor.  The  examina- 
tion for  the  engineer's  license  is  to  include  all  the  subjects 
required  for  the  surveyor's  license  and  in  addition  is  to  be 
upon  such  fundamental  subjects  as  mechanics,  hydraulics, 
masonrj',  frame  structures,  and  roads.  Experience  also  may 
be  taken  into  account. 

11.  Providing  that  an  engineer  may  practice  surveying 
without  being  required  to  hold  a  surveyor's  license  in  addi- 
tion to  the  engineer's  license,  but  that  the  surveyor  shall  not 
practice  engineering  until  he  has  first  obtained  the  license 
therefor  by  standing  upon  the  subjects  additional  to  those 
required  for  such  license. 

12.  Eequiring  that  each  license  shall  be  recorded  in  the 
office  of  the  secretary'  of  state  within  thirty  days  from  the 
date  of  its  issuance  upon  penalty  of  its  becoming  void  after 
that  date.  A  recording  fee  of  one  dollar  is  to  be  charged. 
Failing  to  have  license  recorded  will  necessitate  the  appli- 
cant's taking  another  examination  in  order  to  get  license. 

13.  That  when  a  license  is  destroyed  or  lost  accidentally 
a  new  license  may  be  issued  in  lieu  thereof  upon  pa\-ment 
of  twentj^-five  cents  and  having  it  recorded.  No  examina- 
tion is  required  for  reissuance. 

14.  Providing  that,  for  a  period  of  one  year  from  the  pas- 
sage of  the  bill,  licenses  may  be  issued  to  those,  either  in  the 
state  or  outside  it,  who  apply  in  writing  therefor  and  furnish 
also  three  sworn  testimonials  that  they  have  successfully 
practiced  surveying  or  engineering,  as  the  case  may  be,  for 
at  least  one  year  previous  to  the  filing  of  the  application. 
The  license  is  to  be  issued  to  such  upon  pa\-ment  of  twenty- 
five  cents. 

15.  Providing  that  no  one  shall  be  eligible  to  the  office  of 
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countv  surveyor,  or  to  appointment  as  deputy  thereof,  or  to 
appointment  by  any  court  or  public  official  for  the  perform- 
ance of  any  surveying  work,  who  does  not  hold  a  surveyor's 
license.  If  appointment  is  to  perform  engineering  work  then 
appointee  must  hold  engineer's  license  in  order  to  be  eligible. 
16.  Accompanying  tbis  bOl  was  another  to  modify  the  code 
so  as  to  include  surveyore  and  engineers  in  the  section  pro- 
viding penalties  for  practicing  law,  medicine,  pharmacy,  and 
dentistry  without  first  obtaining  license. 

Discrssiox. 
Pbofessob  Woodward:  Several  years  experience  in 
the  Sonth  leads  me  to  believe  that  what  has  been  said 
is  very  largely  true.  TTe  cannot,  however,  feel  that 
the  remedy  Professor  Drane  proposes  will  protect  us 
from  this  effect.  He  stated  lq  answer  to  inquiry  that 
he  would  accept  college  diplomas  in  lien  of  the  li- 
cense. Leaving  entirely  aside  the  matter  of  the  eth- 
ical side  of  the  question,  it  would  seem  that  the  col- 
lege diploma  would  not  always  }ye  a  safe  guarantee 
that  the  public  would  secure  adequate  services  for  its 
work.  It  would  only  insure  that  the  man  had  a 
fundamental  knowledge.  A  large  proportion  of  the 
mistakes  are  not  on  account  of  ignorance  of  the  under- 
lying principles,  but  on  account  of  lack  of  judgment 
in  an  effort  to  apply  them  properly;  and  I  can  hardly 
see  how  a  license  would  do  more  to  protect  one 
from  this  defect  than  would  a  college  diploma. 


REPORT    OF    COMMITTEE    ON    INDUSTRIAL 
EDUCATION. 

Prepared  by  Arthur  L.  Wilxistox, 
Secretary  of  the  Committee. 

At  the  Cleveland  meeting  of  the  Society  the  Com- 
mittee on  Industrial  Education  presented  a  descrip- 
tive report  outlining  a  number  of  the  more  prominent 
forward  movements  in  industrial  education,  and 
giving  a  brief  sketch  of  the  history  of  the  formation 
and  of  the  work  of  the  National  Society  for  the 
Promotion  of  Industrial  Education. 

After  the  report  was  received,  by  vote  of  the  So- 
ciety, the  committee  was  continued  with  the  request 
that  it  furnish  for  the  annual  meeting  in  1908  a  more 
detailed  and  statistical  report.  In  compliance  with 
this  request  the  committee  prepared  a  printed  blank 
asking  for  most  detailed  information  regarding  day 
courses  of  study  of  vocational  character  which,  with 
a  circular  letter  of  explanation,  was  sent  to  a  large 
number  of  schools.  From  the  replies  to  these  in- 
quiries that  were  received  and  from  the  published 
catalogues  that  accompanied  them,  the  secretary  of 
the  committee  has  prepared  the  following  report. 

Report. 

The   great  variety   of   types   of   schools    to   which 

circulars  asking  for  information  were  sent,  that  are, 

to  a  greater  or  less  extent,  doing  one  kind  of  work  or 

another  in  the  field  of  education,  has  made  it  prac- 
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tically  impossible  to  tabulate  in  any  simple  or  sys- 
tematic way,  the  data  received— much  of  it  being 
given  in  very  considerable  detail.  It  has  seemed  best, 
therefore,  to  attempt  no  general  tabulation,  but  in- 
stead to  group  the  schools  together  under  a  number 
of  different  headings  according  to  the  kind  of  work 
done  by  each;  and  then,  to  describe  them  separately 
or  in  groups  according  to  the  importance  of  their  work 
in  their  special  field.  Xo  attempt  was  made  to  include 
in  this  investigation  industrial  work  for  girls  or  for 
the  colored  race,  or  schools  giving  only  courses  of 
evening  instruction.  The  impossibility  of  accurately 
determining  the  extent  to  which  evening  instruction 
was  of  truly  vocational  character  has  made  it  seem 
wise  to  the  committee  to  confine  its  efforts  in  this 
report  to  day  work  alone.  Therefore,  evening  classes 
and  evening  enrollments  and  schools  giving  only 
evening  instruction  will  be  referred  to  only  in  an 
incidental  way. 

Geoup  1. 

Puhlic  Trade  Schools. 

At  the  present  time  there  are  but  two  schools  in 
the  United  States  forming  a  regular  part  of  a  public 
school  system  which  may  be  properly  called  trade 
schools.     These  are: 

The  Milwaukee  School  of  Trades,  Milwaukee,  TVis. 

The  Philadelphia  Trades  School,  Philadelphia,  Pa. 

The  Milwaukee  School  of  Trades  was  founded  in 
1906  by  a  number  of  public-spirited  men,  as  a  private 
enterprise  and  under  the  auspices  of  the  Manufac- 
turers' Association,  but  was  made  a  part  of  the  public 
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school  system  of  Milwaukee  on  July  1,  1907.     Its  pur- 
pose is  to  give  both  practice  and  instruction  in  under- 
lying principles  of  both  the  manufacturing  and  the 
building  trades.      The  school  does  not  hope  to  turn 
out  journeyman  mechanics,  but,  owing  to  the  length 
and  thoroughness  of  its  courses,  it  is  expected  that 
the  graduates  will  very  rapidly  develop  into  high- 
grade   all-round   skilled  mechanics.      The   trades   in- 
cluded are  pattern  making,   machine  work  and  tool 
making,  carpentry  and  wood  turning,  plumbing,  and 
gas  fitting;  and  in  addition  to  the  shop  practice  in 
each  of  these  trades  there  are  trade  lectures  and  prac- 
tical shop  talks,  instruction  in  mechanical  and  free- 
hand  drawing,   workshop  mathematics   and   trips   of 
shop  inspection.     Approximately  one  quarter  of  the 
student's  time  during  his  course  is  devoted  to  aca- 
demic instruction  and  the  remaining  three  quarters 
are  spent  in  shop  practice.      No  boys  under  sixteen 
years  are  admitted,  and  a  personal  interview  by  the 
director  and  an  examination  or  certificate  of  gram- 
mar  school   graduation   are   required   for   admission. 
The  tuition  is   free,   but  the  students   are  expected 
to  pay  from  $4  to  $5  per  month  for  the  material  used. 
The  school  has  an  excellent  equipment  and  is  doing 
excellent  work.     The  shop  for  each  course  is  equipped 
to  accommodate  about  twenty-five  men  and  the   en- 
rollment for  1908-09  is  as  follows: 

Day.  Evening. 

Pattern  making 31  23 

Machinist 36  56 

Plumbing 30  30 

Wood  working 15  19 

Total 3I2  12s 
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Evening  courses  are  also  offered  in  all  of  the  above 
branches,  as  the  table  of  enrollment  indicates. 

The  Philadelphia  Teades  School  was  opened  for 
the  registration  of  students  in  September,  1906.  It  is 
a  part  of  the  public  school  system  of  Philadelphia  and 
is  conducted  under  the  direction  of  a  special  com- 
mittee of  the  Board  of  Public  Education.  The  aver- 
age age  of  the  pupils  is  fifteen  and  one  half  years, 
and  the  majority  of  the  boys  enter  the  school 
directly  from  the  public  schools.  Xo  boy  under 
fifteen  years  of  age  who  has  not  gi'aduated  from 
grammar  school,  however,  is  admitted.  Xot  over 
ten  per  cent,  of  those  who  enter  have  ever  been  em- 
ployed in  mechanical  work  of  any  kind  after  leaving 
public  school  before  entering  the  trade  school. 

It  is  located  in  an  old  school  building  and  is  not  yet 
thoroughly  equipped,  but  improvements  and  additions 
are  continually  being  made.  The  day  courses  are 
three  years  in  length  and  include  the  following  trades : 

Carpentry. 

Pattern  making. 

Electrical  construction. 

Mechanical  drawing. 

Architectural  drawing. 

Printing. 
Evening  courses  are  also  offered  in  the  following 
branches : 

Bricklaying. 

Plastering. 

Plumbing. 

Electrical  wiring. 

Sheet  metal  work. 
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Carpentry. 

Pattern  making. 

House  and  sign  painting. 

Printing. 

Mechanical  drawing. 

Architectnral  drawing. 
The  day  courses  devote  about  fifteen  periods  per 
week  in  each  of  the  three  years  to  shop  practice;  and 
the  remaining  twenty  periods  per  week  to  mechanical 
drawing,  practical  mathematics  and  applied  science, 
English  language,  history  and  economic  history.  The 
average  enrollment  for  the  year  1908-09  in  the  day 
classes  is  as  follows: 

Carpentry 5 

Pattern  making 19 

Electrical  construction   103 

Mechanical  drawing 2S 

Architectural  drawing   22 

Printing 17 

Total  day  enrollment 194 

The  enrollment  is  divided  among  the  three  classes 
as  follows: 

First  year  class 106 

Second  year  class 52 

Third  year  class 26 

In  considering  these  figures  it  should  be  remem- 
bered that  the  entering  class  three  years  ago  was  very 
much  smaller  than  the  entering  class  for  190S.  The 
total  enrollment  in  the  eleven  evening  classes  is  476. 
The  largest  enrollment  is  in  the  plumbing  and  elec- 
trical construction  classes,  both  of  which  number  over 
100  pupils. 
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Gboup  2. 
Short   Tenn  Private   Trade   Schools. 

There  have  been  included  in  this  group  those 
schools  whose  sole  or  principal  aim  is  to  teach  to 
beginners,  through  short  day  courses,  mechanical 
trades,  or  enough  thereof  to  enable  the  boys  to  get 
a  start  and  remunerative  employment  in  them.  The 
number  of  well-established  schools  of  this  type  in  the 
United  States  is  small.  They  are  obliged  to  face  the 
very  serious  economic  difficulty  that  arises  from  the 
fact  that  the  type  of  boys  and  young  men  who  earn 
their  living  at  mechanical  trades  are  not  able,  except 
in  very  rare  instances,  to  pay  money  for  education 
or  even  to  provide  for  their  board  and  living  expenses 
without  some  earning  power,  after  they  become  old 
enough  to  begin  to  seriously  learn  a  trade.  They 
come  from  a  class  in  society  that  expects  boys  after 
they  are  14  years  old  to  be  a  source  of  income  to 
the  family.  To  reduce  this  economic  difficulty  to  the 
minimum  the  courses  of  instruction  are  made  as  short 
as  possible. 

The  second  problem  which  such  a  school  must  solve 
is  to  present  instruction  sufficiently  practical  on  the 
vocational  side  to  increase  the  boy's  earning  power 
immediately  after  leaving  school,  and  also  several 
years  later,  above  what  it  would  have  been  if  he  had 
started  at  work  at  the  time  that  he  entered  school,  to 
thoroughly  repay  him  for  both  the  time  and  the  money 
sacrifice  that  he  has  made  in  order  to  attend  school. 
The  best  known  schools  of  this  type  are  as  follows : 

The  New  York  Trade  School,  New  York  City,  N.  Y. 
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Baron  de  Hirsh  Trade  School,  New  York  City,  N.  Y. 

Winona  Technical  Institute,  Indianapolis,  Ind. 

David  Rankin,  Jr.,   School  of  Mechanical  Trades, 
St.  Louis,  Mo. 

Bliss  Electrical  School,  Washington,  D.  C. 

New  York  Electrical  School,  New  York  City,  N.  Y. 

Artisan  School,  Syracuse,  N.  Y. 

Coyne  Trade  Schools,  New  York  City,   St.  Louis, 
Chicago,   San  Francisco,  Boston  and  Cincinnati. 

No  attempt  has  been  made  to  include  here  trade 
schools  of  this  type  for  girls  or  young  women,  of 
which  there  are  several  good  examples,  such  as: 

The  Manhattan  Trade  School  for  Girls. 

The  Chicago  Industrial  School  for  Girls. 

Boston  Trade  School  for  Girls. 

The  New  York  Trade  School  was  the  first  trade 
school  of  importance  to  be  established  in  the  United 
States.      It    was    founded    by    Colonel    Richard    T. 
Auctmuty  in  1881.      Its  purpose  is  to  enable  young 
men  to  get  enough  practice  in  mechanical   trades— 
especially  in  the  building  trades— to  enable  them  to 
get  a  good  start,  and  at  the  same  time  to  give  them 
such  principles  of  work  as  will  awaken  in  them  ambi- 
tion to  strive  to  become,  with  experience,  thoroughly 
competent  workmen.      The  courses  of  instruction  are 
17  weeks  long,  ranging  from  30  to  34  hours  per  week, 
all  of  the  instruction  being  of  a  practical  character 
and  given  in  the  shops,  with  the  exception  of  3  or  4 
hours  per  week  work  in  mechanical  drawing.      The 
tuition  averages  about  $40  per  course  of  four  months. 
The  age  required  for  admission  is  seventeen  years. 
The   total   enrollment   in   the   day  classes   for   the 
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present  year  is  273,  a  decrease  of  11  over  the  previous 
year.      It  is  distributed  as  follows: 

Plumbing 120 

Electrical  work 53 

Bricklaving 23 

Steam  fitting 23 

Carpentry 21 

Cornice  work 13 

Sign  painting 10 

Fresco  painting   6 

House   painting    4 

Total 273 

TVith  the  exception  of  carpentry,  evening  instruc- 
tion is  given  in  all  of  the  above  mentioned  classes, 
and  in  addition  there  are  evening  classes  in  plastering, 
blacksniithing,  pattern-making  and  printing.  The 
total  enrollment  in  evening  classes  is  642.  The  esti- 
mated annual  expenditure  is  $60,000. 

The  Bakox  de  Hiesh  Tkade  School  was  estab- 
lished in  1884.  Its  object  is  to  give  to  the  children 
of  recent  Jewish  immigi'ants  a  training  that  will 
enable  them  to  earn  their  living  in  mechanical  trades, 
in  the  shortest  possible  time,  starting  as  advanced 
apprentices  after  leaving  the  school.  All  of  the  in- 
struction is  free,  but  the  applicants  must  be  sixteen 
years  of  age. 

The  term  lasts  five  and  one  half  months,  and  two 
separate  classes  are  graduated  each  year,  one  in 
February  and  one  in  the  middle  of  August.  There 
are  five  trades  taught: 

The  machinists'  trade. 

Carpentry. 

Electrical  work. 

Plumbing. 

Painting. 
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The  capacity  of  the  school  is  limited  to  150  pupils, 
but  many  more  than  this  number  apply  for  admission 
each  term.  Besides  the  instruction  in  shop  practice 
there  is  also  given  in  all  courses,  instruction  in  figur- 
ing and  estimating  and  in  working  from  drawings. 
It  is  found  that  over  three  quarters  of  those  who  have 
graduated  from  the  courses  at  the  Baron  de  Hirsch 
Trade  School  are  at  present  employed  in  the  trades 
for  which  the  school  prepared  them.  The  Baron  de 
Hirsch  Trade  School  offers  no  evening  courses.  The 
estimated  annual  expenditure  is  about  $40,000. 

Winona  Technical.  Institute  was  organized  in 
1904  and  offers  courses  in  the  following  trades : 

Electric  wiring. 

House  and  sign  painting. 

Carpentry. 

Tile  setting. 

Bricklaying. 

Machine  work. 

Foundry  practice. 

Printing  trades. 

Lithography  trades. 
These  courses  vary  in  length  from  eight  weeks  to 
two  years,  according  to  the  one  selected,  and  also  ac- 
cording to  whether  a  full  trade  or  a  specialty  is 
chosen.  There  were  graduated  from  these  trade 
courses  in  1906,  65,  in  1907,  91,  and  in  1908,  171. 
There  were  graduated  from  the  printing  trades  alone 
in  1908  31  students,  and  83  from  the  courses  in  the 
school  of  lithography. 

The  equipment  and  instruction  in  the  printing  and 
lithographic  trades  is   especially  excellent  and  com- 
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plete.  The  course  in  foundry  practice  is  also  on  an 
excellent  basis.  Owing  to  the  coromercial  work  that 
is  done  in  this  department,  each  student  is  enabled 
to  earn  $4.20  per  week  when  putting  in  full  time. 
This  largely  defrays  his  expenses. 

David  Eaxkix,  Je.,  School  of  Mechanical  Arts 
although  not  yet  in  operation  should,  perhaps,  be  in- 
cluded in  this  group.  It  has  recently  been  established 
in  St.  Louis  with  an  endowment  furnished  by  David 
Eankin,  Jr.,  as  its  name  indicates.  The  buildings  are 
now  completed  and  the  principal  and  many  of  the  in- 
structors selected.  It  is  planned  to  offer  here,  short 
practical  courses  in  both  the  manufacturing  and  the 
building  trades  and  it  is  hoped  that  it  will  be  open 
for  students  in  the  fall  of  1908. 

The  Bliss  Electrical  School  offers  a  one-year 
practical  course  in  electricity  which  is  really  of  trade 
character,  although  more  theoretical  instruction  is  in- 
cluded in  this  course  than  is  done  in  the  courses  of 
the  schools  previously  mentioned.  About  40  hours 
per  week  of  work  is  required,  from  one  quarter  to  one 
half  of  it  being  practical  hand  work.  The  school  is 
supported  entirely  by  tuitions  which  are  $450  per 
year  including  board  and  room,  or  about  $150  per 
year  for  tuition  alone.  The  enrollment  for  the  present 
year  is  180,  and  it  is  estimated  that  about  750  students 
have  graduated  from  this  school  since  its  organization. 

New  York  Electrical  School,  located  at  39  TVest 
Seventeenth  Street,  Xew  York  City,  is  a  school  of 
very  much  the  same  type  as  the  Bliss  Electrical 
School.  It  has  quite  an  elaborate  equipment  and 
offers  short  practical  courses  in  twelve  different 
electrical  trades. 
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There  is  no  specified  length  of  courses.  The  stu- 
dent is  free  to  stay  until  he  is  satisfied  that  he  has 
completed  his  trade.     The  courses  are: 

The  installation  of  electrical  bells,  annunciators, 

batteries,  etc. 
Installation  of  telephone  systems. 
Installation  of  telegraph,  fire  and  burglar  alarm 

systems. 
Installation    and    operation    of    dynamos    and 

motors. 
Street  car  control,  lighting  and  heating. 
Switch  board  installation. 
Storage  batteries. 
Light  and  power  wiring. 
Electrical  elevators. 
High  tension  transmission  lines. 
Armature  winding. 
The   school  is   supported   entirely  by   tuition   fees 
which  are  necessarily  quite  high  compared  with  the 
length   of  the   courses.      In   September,    1907,    there 
were  172  pupils  enrolled. 

The  Aetisan  School  was  recently  organized  in 
Syracuse  by  Professor  John  E.  Sweet  to  train  high 
grade  machinists.  It  was  started  on  a  small  scale 
with  an  equipment  sufficient  for  twelve  or  fifteen 
boys.  The  school  has  had  considerable  trouble,  owins" 
perhaps,  to  the  thoroughness  of  the  courses,  in  getting 
applicants.  There  never  have  been,  up  to  the  present 
time,  more  than  ten  or  a  dozen  boys  enrolled  at  once. 
The  Coyne  Teade  Schools  offer  very  short  courses 
in 

Plumbing. 
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Bricklaying. 

Plastering. 

Electrical  construction. 

Stationary  steam  engineering. 

These  courses  are  intended  to  give  just  enough  in- 
struction to  enable  the  students  to  get  a  foot-hold  in 
the  trade  when  times  are  good.  The  tuition  is  from 
$50  to  $75  per  course  for  which  there  is  no  definite 
limit  of  time,  the  student  being  permitted  to  remain 
until  he  has  acquired  a  given  degree  of  skill. 

These  schools  are  conducted  for  financial  profit  and 
it  is  a  common  impression  that  the  courses  are  so 
short  and  the  instruction  so  superficial  that  the  stu- 
dent receives  but  little  real  benefit. 

There  are  branches  of  these  schools  in  New  York, 
Chicago,  San  Francisco,  St.  Louis,  Cincinnati  and 
Boston.  The  largest  enrollment  in  the  New  York 
School  at  any  one  time,  for  1908  was  about  300,  but 
during  the  past  twelve  months  about  800  were  grad- 
uated. 


The  schools  described  above  are  the  principal  ones 
that  belong  in  this  group  of  short  term  private  trade 
schools,  but  there  should  be  included,  also,  to  make 
the  list  complete  a  considerable  number  of  special 
courses  given  in  other  institutions  of  different  types 
such,  for  example,  as  the  one-year  trade  courses  in 
machine  construction  and  in  carpentry  and  building, 
in  the  School  of  Science  and  Technology  at  Pratt 
Institute,  Brooklyn,  N.  Y.,  and  certain  short  courses 
for  apprentices  in  the  Carnegie  Technical  Schools, 
and  a  number  of  smaller  schools  devoted  to  a  single 
trade  each,  such  as; 
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The  Master  Plumbers  Trade  School,  of  St.  Louis, 
Mo.,  offering  single  trade  courses  in  plumbing. 

The  Xorth  End  Union,  Boston,  Mass.,  having  a 
small,  but  excellent,  day  trade  course  for  printing. 

The  St.  Louis  Trade  School,  offering  a  course  in 
plumbing. 

The  Hawlev  School  of  Steam  Engineering,  giving 
short  courses  in  stationary  engineering  for  those 
who  wish  to  obtain  licenses  as  stationary  engi- 
neers. 

The  automobile  schools  for  training  chauffeurs 
and  others,  conducted  by  the  Young  Men's  Chris- 
tian Association  in  Boston,  Xew  York  City,  and 
other  places. 

Group  3. 
Long  Course  Private  Trade  Schools. 

In  this  group  belong  those  schools  which  offer 
courses  three  or  four  years  in  length.  Many  of 
them  include  with  the  instruction  in  shop  practice,  a 
larger  proportion  of  academic  or  theoretical  instruc- 
tion than  do  the  majority  of  the  short  term  schools 
included  in  Group  2.  And,  as  a  rule,  it  is  hoped  that 
a  considerable  number  of  the  graduates  of  these 
schools,  because  of  the  natural  ability  and  intelligence 
of  the  boys  who  enter  them,  and  because  of  the  length 
and  thoroughness  of  the  courses  and  the  opportunity 
for  theoretical  as  well  as  practical  instruction,  will 
eventually  rise  to  positions  above  the  grade  of  the 
journeyman  mechanic. 

The  best  known  schools  in  this  group  are  the  fol- 
lowinsr : 
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The  Williamson  Free  School  of  Mechanical  Trades, 
Williamson  School,  Pa. 

The   Wilmerding   School   of   Industrial   Arts,    San 
Francisco,  Cal. 

California  School  of  Mechanical  Arts,   San  Fran- 
cisco, Cal. 

Cogswell  Polytechnic  College,  San  Luis  Obispo,  Cal. 

California  Polytechnic  School,  San  Luis  Obispo,  Cal. 

Hebrew  Technical  Institute,  New  York  City,  N.  Y. 

Spring  Garden  Institute,  Philadelphia,  Pa. 

The  Williamsoin^  Free  School,  or  Mechaxical 
Tbades  was  founded  with  an  endowment  of  about 
$2,000,000,  furnished  by  Isaiah  V.  Williamson  in 
1888.  This  school  is  somewhat  unique  in  several  par- 
ticulars. It  has  a  country  location  about  fifteen  miles 
from  Philadelphia  on  a  beautiful  campus  of  over  230 
acres.  The  boys  attending  the  school  are  provided 
with  homes  in  a  number  of  small  model  cottages  on 
the  campus;  and  everything,  instruction,  home,  board 
and  clothing,  is  furnished  free  to  the  pupils.  This 
makes  it  possible  to  hold  the  sons  of  parents  having 
very  limited  means,  of  a  type  that  are  glad  of  the 
opportunity  to  learn  a  mechanical  trade,  in  school  for 
a  full  course  of  three  years.  The  economic  problem 
which  faces  most  other  trade  schools  is  thus  removed 
from  Williamson  Trade  School  by  the  conditions  of 
its  endowment.  The  length  of  the  courses  makes  it 
possible  to  give  the  most  thorough  instruction  in  both 
the  principles  and  the  practice  of  the  trades.  The 
trades  taught  are: 
Carpentry. 
Bricklavina:. 
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Machine  work. 

Pattern  making. 

Care  and  operation  of  steam  and  electrical  ma- 
chinery. 
Each  pupil  takes  up  but  one  trade,  but  is  taught 
in  addition,  reading,  writing,  grammar,  geography, 
arithmetic  and  the  essentials  of  algebra,  geometry  and 
trigonometry,  elementary  science  and  some  principles 
of  applied  science.  The  school  shops  are  run  eight 
hours  per  day  every  day  except  Saturday,  and  a  half 
day  on  Saturday.  Each  pupil  devotes  about  one  half 
of  his  time  to  class  work  and  the  other  half  to  shop 
practice.  Great  stress  is  laid  on  the  development  of 
intelligence  and  character,  and  it  is  the  aim  of  the 
school  to  train  first  class  all-around  mechanics  who 
will  have  a  high  sense  of  responsibility,  and  who  also 
will  be  both  loyal  and  ambitious  workmen,  and  good 
and  intelligent  citizens.  The  capacity  of  the  school 
is  at  the  present  time  about  240,  and  between  October, 
1891,  when  the  first  class  was  received,  and  March 
30,  1907,  599  pupils  have  been  graduated,  as  follows: 

Bricklayers   143 

Carpenters 121 

Stationary  engineers  52 

Machinists  170 

Pattern  makers 113 

Total ■sgg 

The  school  has  been  obliged  to  turn  away  many 
more  applicants  than  it  could  accept  because  of  the 
demand  for  its  instruction  and  its  limited  capacity. 
The  statistics  gathered  show  that  the  graduates  re- 
ceive full  journeymen's  wages  within  a  comparatively 
few  months  after  graduation,   and  not  infrequently 
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immediatelY  after  graduation.     The  estimated  annual 
expenditure  is  about  $100,000. 

The  WrLMEKDiNG  School  of  Ixdusteial.  Aets  was 
founded  in  1894  through  a  bequest  of  $400,000  left  to 
the  regents  of  the  University  of  California  for  the 
purpose  of  establishing  a  school  "to  teach  hoys  trades 
fitting  them  to  make  a  living  ivith  their  hands,  ivith 
a  little  study  and  plenty  of  ivork."  The  first  class 
was  admitted  in  January,  1900.  The  full  course  is 
four  years  in  length,  and  upon  graduation  it  is  ex- 
pected that  the  boy  will  be  able  to  obtain  employment 
as  a  skilled  journeyman  mechanic.  The  trades  taught 
are: 

Carpentry. 

Plumbing. 

Cabinet  making. 

Electrical  work. 

Bricklaying. 

Blacksmithing. 

Architectural  drawing. 
A  boy  may  begin  an  apprenticeship  when  he  enters 
the  school,  or  he  may  defer  the  selection  of  a  trade 
for  two  years.  ^Tien  he  selects  his  trade  he  devotes 
his  entire  shop  time  to  the  single  trade.  If  he  defers 
the  selection  of  his  trade,  his  preliminary  course  must 
include  the  regular  academic  subjects  and  not  more 
than  two  industrial  branches  at  any  one  time.  He 
may  change,  however,  from  one  industrial  department 
to  another  at  the  beginning  of  a  new  term,  provided 
he  has  shown  proper  effort.  The  academic  instruc- 
tion includes  architectural  drawing,  writing,  reading, 
composition,  history  and  literature,  and  the  usual  high 
school  branches  of  mathematics  and  science. 
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The  enrollment  is  limited  to  200  boys,  and  admission 
is  limited  to  graduates  of  a  grammar  school  or  to 
boys  over  16  years  of  age  who  are  within  one  year 
of  graduation.  The  enrollment  for  the  year  1907-08 
was  220  pupils,  distributed  as  follows: 

Carpentry 35 

Plumbing 35 

Cabinet  making 30 

Electrical  work    50 

Bricklaying  35 

Blacksmithing 5 

Architectural  drawing 30 

Total    220 

The  estimated  number  of  graduates  from  each  of 
the  courses  since  their  establishment  is  as  follows: 

Carpentry 20 

Plumbing   15 

Cabinet  making  15 

Electrical  work.* 

Bricklaying  15 

Blacksmithing 8 

Architectural  drawing 25 

lotal ^98 

The  number  of  diplomas  and  certificates  granted 
during  the  past  year  was  16.  The  number  of  grad- 
uates is  comparatively  small  compared  with  the  en- 
rollment due  in  a  large  measure  to  the  high  wage 
scale  prevailing  in  the  community  which  tempts  boys 
to  drop  out  of  school  and  seek  employment  before 
graduation,  and  also  to  the  fact  that  the  American 
school  system  is  not  properly  graded  to  meet  the  re- 
quirements of  trade  education  in  a  school  of  secondary 
grade.  The  boy  who  completes  the  grammar  school 
and  enters  a  school  of  high  school  grade  is  not,  except 

*  This  course  was  established  in  1905. 
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in  rare  instances,  the  type  of  boy  who  will  earn  his 
Iiring  in  medbanieal  trades. 

It  is  estimated  tiiat  80  per  cent,  of  the  gradnates 
of  the  Wilmerding  School  are  at  present  employed 
in  tl."  "::  -  "^5  for  which,  their  courses  of  instruction 
ir-r  ?..:r  :  lienL  There  is  no  charge  for  tuition.  The 
e-::i_  :r  1    iimiial  expenditure  is   S22,000. 

Thz  C  -"FORyiA  School  of  Mechaxicai.  Abts  was 
esta: :_■-  T  ;  iz  1^:?5.  It  is  located  on  a  piece  of  land 
a  r'lL  L^-  ihe  Wiimerding  Sdiool,  and  gives  instmc- 
:i  -  i-  ziaLnfacturing  trades,  supplementing  the  build- 
iz^-  :::  .-  ^an^t  in  the  other  school.  The  courses 
are  foir  years  long,  the  first  three  years  being  de- 
voted to  a  preliminary  course  which  is  essentially  the 
same  as  the  courses  given  in  the  so-called  manual 
training  schools,  aU  boys  being  required  to  take  gen- 
eral woodwoi^  psdiem  making,  molding,  forging  and 
machine  shop  practice,  in  addition  to  tiie  usual  aca- 
iride  subjects,  before  specializing  in  any  trade.  In 
:Ji-  : :"~"h  year  the  boys  may  elect  any  one  of  the 

Pa—riTi  maMng. 

Molding. 

Machine  shop  practice. 

Mechanical  drawing. 

Industrial  chemistry. 

Preparatory  courses  for  technical  colleges. 

Polytechnic  conrses. 
There  are  abont  400  boys   enrolled  in  the  entire 
school,   43  being  in  the  fourth   year   in   the   trade 
conrses,  as  follows: 
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Pattern  making  6 

Forging 5 

Molding   0 

Machine  work 12 

Mechanical  drawing  10 

Industrial  chemistry 10 

Total ""43 

Since  the  establishment  of  these  courses  in  1895 
the  estimated  number  of  graduates  from  them  is  as 
follows : 

Pattern  making  30 

Forging 15 

Molding   0 

Machine  work 60 

Mechanical  drawing   50 

Industrial  chemistry 20 

Total 175 

The  enrollment  in  the  college  preparatory  courses 
and  in  the  polytechnic  course  which  are  otfered  in 
this  school  has  increased  at  the  expense  of  the  trade 
courses.  The  principal  reports  that  "students  will 
not  attend  secondary  schools  for  the  purpose  of  ac- 
quiring trades  unless  the  amount  of  academic  work  is 
reduced  far  below  the  amount  required  in  the  ordinary 
high  school,  or  even  in  the  manual  training  high 
schools.  *' Furthermore, "  he  says,  "we  have  had  to 
restrict  our  enrollment  by  means  of  competitive  ex- 
aminations which  tend  to  eliminate  boys  who  would 
be  most  likely  to  want  trades."  The  California 
School  of  Mechanic  Arts  also  offers  practical  courses 
in  cooking,  dressmaking  and  millinery  for  girls,  sim- 
ilar to  the  trade  courses  for  boys,  and  has  an  enroll- 
ment of  about  five  hundred  girls.  The  tuition  is 
free.  The  estimated  annual  expenditure  of  the  school 
is  $27,000. 
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Cogswell  Polytechnic  College  is  a  scliool  of  some- 
what similar  type  to  the  California  School  of  Mechanic 
Arts.  It  was  founded  in  1888,  and  admits  boys  who 
have  completed  the  eighth  grade  hi  the  public  schools, 
and  offers  to  them  for  the  first  two  years  a  general 
preparatory  course  similar  to  the  first  two  years  of 
a  manual  training  high  school,  with  the  exception  of 
the  fact  that  the  time  is  about  evenly  divided  between 
academic  work  and  industrial  work.  This  is  fol- 
lowed by  two-year  trade  courses  in  which  the  student 
specializes  in  a  single  trade  and  devotes  a  large  pro- 
portion of  his  time  to  trade  work.  The  courses 
offered  are  as  follows: 

Machine  drawing. 

Electrical  design  and  construction. 

Pattern  making. 

Machine  shop  practice. 

Industrial  chemistry  and  assaying. 
In  the  first  four  of  these  courses  30  hours  per  week 
are  devoted  to  shop  or  practical  hand  instruction. 
The  enrollment  in  all  courses  for  the  year  1907-08 
is  234.  and  the  enrollment  in  the  last  two  years  in 
the  trade  branches  is  as  follows: 

Machine  drawing 32 

Electrical  design  and  construction 11 

Pattern  making   3 

Machine  shop  practice   32 

Industrial  chemistry  and  assaying -4 

Total "82 

There  are  also  three  similar  practical  courses  for 
girls  in  which  there  were  last  year  94  enrolled  in 
the  last  two  years  of  the  courses.  Xo  tuition  is 
chargred  for  anv  of  the  courses. 
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The  California  Polytechnic  School  is  a  state  in- 
stitution, located  at  San  Luis  Obispo,  Cal.,  which  was 
established  by  Act  of  the  Legislature  in  1901.  It 
offers  a  considerable  variety  of  practical  courses  for 
boys  and  girls  in  agriculture,  mechanical  trades,  and 
household  arts.  It  requires  a  certificate  of  graduation 
from  the  eighth  grade  of  a  grammar  school  for  ad- 
mission, and  offers  courses  three  years  in  length  in 
which  the  time  is  about  equally  divided  between  prac- 
tical work  in  shop  or  laboratory  and  class  room  in- 
struction.    The  mechanical  trades  included  are: 

Carpentry. 

Forging. 

Machine  work. 

Steam  and  electrical  machinery. 

Mechanical  drawing. 

Surveying. 
The  reported  enrollment  for  1907-08  in  these  classes 
is  as  follows: 

Carpentry 46 

Forging 65 

Machine  work 30 

Steam  and  electrical  machinery 42 

Mechanical  drawing 20 

Surveying 12 

Total  STS 

Considerable  allowance,  however,  should  be  made 
for  names  counted  twice  in  the  above  enrollment  as 
the  total  enrollment  for  the  school  was  about  141; 
and  the  total  number  of  graduates  since  the  school 
was  opened  in  1903  is  but  40.  No  tuition  is  charged 
for  any  of  the  courses,  and  the  estimated  annual  ex- 
penditure is  about  $40,000. 
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The  Hebrew  Techxical,  School  was  established  in 
New  York  City  in  1883.  It  is  supported  by  contribu- 
tions from  members  of  the  Hebrew  Technical  Institute 
Society.  The  length  of  the  courses  is  three  years, 
and  the  pupils  must  be  residents  of  Xew  York  City, 
at  least  twelve  and  one  half  years  of  age,  and  pass 
an  entrance  examination  in  English,  geography,  arith- 
metic and  United  States  history.  The  course  for  the 
first  two  years  includes  the  usual  school  branches  and 
manual  training.  In  the  third  year  there  is  oppor- 
tunity for  electing  one  of  the  following  trades: 

Wood  working. 

Machine  work. 

Instrument  making. 

Practical  electricity. 

Mechanical  drawing. 
At  the  last  graduation.  May  13,  1908,  the  following 
numbers  were  graduated : 

Wood  working   7 

Machine  work    17 

Instrument    making    13 

Practical  eleetricitv    19 

Mechanical  drawing   22 

Total ^78 

The  enrollment  in  the  day  classes  was  as  follows: 

First  rear  classes 90 

Second  rear  classes 97 

Third  year  classes 85 

Special  2 

Total "274 

But  10  per  cent,  of  the  pupils  are  of  American 
parentage,  4A  per  cent,  are  of  Eussian  parentage. 
On  the  other  hand,  72  per  cent,  of  the  boys  are  bom 
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in  the  United  States.  A  very  small  percentage  of 
their  fathers  are  engaged  in  mechanical  trades. 
Nearly  one  third  of  them  are  in  the  clothing  and 
tailoring  trades,  and  the  majority  of  the  balance  are 
engaged,  on  a  small  scale,  in  commercial  pursuits. 

The  total  number  of  graduates  since  the  school  was 
organized  is  805.  Of  the  780  who  are  still  living, 
69-i  have  recently  been  heard  from.  Seventy-five  per 
cent,  of  these  are  following  mechanical  trades,  as 
follows : 

Pattern  makers  and  wood  workers 32 

Machinist  and  metal  workers 39 

Electricians,   employees   in   electrical   houses    and 

electrical  contractors 126 

Draughtsmen  and  designers   133 

Architects  and  engineers   35 

General  mechanics 44 

Foremen  and  superintendents 67 

Manufacturers 8 

Teachers   and   students    39 

Clerks,  salesmen,  bookkeepers,  etc 150 

Physicians,  pharmacists  and  lawyers 21 

Addresses  unknown 66 

Unemployed 20 

The  average  weekly  earning  of  those  employed  in 
mechanical  trades  is  as  follows: 

Class  of  1907 $10.25 

Class  of  1905  17.00 

Class  of  1900 28.00 

Class  of  1895 39.00 

The    Spring    Garden    Institute    of    Philadelphia 
offers  three-year  day  courses  in: 
Mechanical  drawing. 
Metal  work. 
Wood  working. 
Applied  electricity. 

(29) 
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In  these  departments  tlie  students  receive  instruc- 
tion in  drawing,  mathematics,  nature  of  materials  as 
well  as  in  shop  practice.  The  purpose  is  to  train 
mechanics  and  at  the  same  time  give  them  such  a 
thorough  foundation  that  they  will  he  likely  with 
experience  to  advance  to  higher  gi^ades. 

The  enrollment  in  the  first-year  classes  is  limited 
to  100.  The  total  enrollment  in  the  three  classes  is 
not  far  from  150  pupils. 


It  is  somewhat  doubtful  whether  four  of  the  schools 
included  in  this  group.  The  Wilmerding  School  of 
Industrial  Arts,  The  California  School  of  Mechanical 
Arts,  Cogswell  Polytechnic  College,  and  the  California 
Polytechnic  School,  should  be  classified  as  trade 
schools,  although  this  aim  is  distinctly  set  forth  in 
their  catalogues.  The  training  which  they  offer  in- 
cludes so  much  instruction  in  academic  branches, 
science  and  mechanical  drawing  that  they  attract 
boys  whose  ambition  is  for  more  responsible  positions 
than  those  of  journeyman  mechanics.  Those  who  are 
willing  to  devote  four  years  to  instruction  of  this  type, 
and  who  complete  these  courses  do  so  as  a  rule  with 
the  hope  of  entering  the  skilled  trades  under  especially 
advantageous  conditions  and  rapidly  advance  into 
position  of  foremen,  inspectors,  designers,  etc. 

Group  4. 
lusfifutioual  Trade  Schools. 
There  are  several  examples  of  excellent  trade  schools 
which  are  conducted  as  a  part  of  other  institutions, 
the  best  known  examples  of  which  are : 
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Girard    College,    Philadelphia,    Pa.,    an    institution 

founded  in  1848  for  the  education  of  orphan  boys. 

The  Miller  School  of  Albermarle,  Va.,  founded  in 

1878  for  orphan  boys  and  girls. 
GiRAKD  College  admits  boys  between  the  ages  of  six 
and  nine,  who  are  graduated  at  from  sixteen  to 
eighteen  years  of  age.  The  pupils  are  supported  and 
educated  entirely  without  charge.  The  total  enroll- 
ment of  the  school  is  between  1,600  and  1,700. 

In  1902  trade  courses  were  organized  in  which  those 
boys  who  so  desire  can  spend  their  last  two  years,  de- 
voting four  hours  a  day,  or  24  hours  per  week,  to 
the    special    department.       These   trade   courses    are 
proceeded  by  a  preparatory  course  in  which  there  is 
a  comparatively  small  amount  of  mechanical  instruc- 
tion  in   a   variety   of   different   trades.      The   trade 
courses  represented  are: 
Carpentry. 
Pattern  making. 
Forging. 
Foundry  work. 
Machine  work. 
Electrical  construction. 
Considering  the  age  of  the  boys  and  the  way  in 
which  they  are  selected,  this  school  is  doing  a  work 
of  very  unusual  excellence.     About  1,200  of  the  boys 
receive  instruction  in  mechanical  trades  and  in  the 
preparatory  manual   training.      The  annual  expense 
of  this  department  is  from  $18,000  to  $20,000. 

The  Miller  School  of  Albermarle,  at  Crozet,  Va., 
was  established  in  1878  for  orphan  children  who  are 
admitted  between  the  ages  of  twelve  and  sixteen  years 
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of  age,  and  who  are  clothed,  fed  and  housed,  and 
provided  instruction  in  the  English  branches,  agricul- 
ture and  the  mechanic  arts,  free  of  expense  for  a 
period  of  from  four  to  eight  years,  according  to  the 
age  at  which  they  are  admitted. 

The  mechanical  courses  included  are: 

Carpentry. 

Cabinet  making. 

Machine  work. 

Forge  work. 

Foundry  work. 

Printing. 

Care    and    operation    of    steam    and    electrical 
plants. 

Painting. 

Plumbing. 

Mechanical  drawing. 
All  of  the  pupils  are  required  to  take  the  full 
academic  course  in  addition  to  the  practical  instruc- 
tion and  for  this  reason,  and  also  probably  because 
of  the  length  of  the  courses,  a  comparatively  small 
proportion  of  those  who  enter  are  graduated.  Since 
the  school  was  organized  about  1,000  pupils  have  been 
enrolled.  The  majority  of  these  have  remained  in 
the  school  from  four  to  seven  years.  Those  who  have 
gone  out  from  the  school  have  found  a  great  variety 
of  mechanical  and  non-mechanical  employments.  The 
largest  number,  in  any  one  occupation,  however,  are 
machinists;  and  between  25  and  30  have  become 
teachers  of  manual  training  and  similar  subjects. 
The  annual  expenses  are  between  $70,000  and  $80,000. 
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Geoup  5. 
Public  Secondary  Industrial  Schools. 
There  are  at  least  three  public  secondary  schools 
that  should  be  referred  to  in  this  report.    These  are: 
The  Secondary  Industrial  School  of  Columbus,  Ga. 
The  Technical  High  School  of  Cleveland,  Ohio.' 
The    Cooperative   Course   of   the    Fitchburg   High 

School. 
In  The  Secondary  Industrial  School  of  Columbus, 
Ga.,    the   pupils   are   taught   the   mechanic   arts   and 
textile  trades  including: 
Machine  work. 
Foundry  work. 
Carpentry. 
Pattern  making. 
Textile  trades. 
The  textile  trades  are  taught  in  rooms  completely 
equipped  as  a  cotton  and  hosiery  mill,  and  the  in- 
struction includes  all  operations  in  cotton  from  the 
picker  through  to  the  finished  product  on  the  fancy 
looms.     The  announcement  of  the  school  states :  ' '  The 
aim  of  the  Secondary  Industrial  School  is  to  prepare 
young  men  of  Columbus  and  vicinity  for  service  as 
bread  winners  of  good  earning  power." 

The  second  paragraph  starts,  ''it  is  a  trade  school." 
No  foreign  languages  are  taught,  and  while  Eng- 
lish, mathematics,  history  and  science,  are  included, 
three  fifths  of  the  time  in  the  course  has  been  given 
over  to  industrial  work.  There  is  no  general  course. 
The  courses  preparatory  to  the  different  trades  are 
entirely  distinct  and  separate  from  the   start.      All 
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of  the  courses  are  three  years  in  length.  The  total 
enrollment  for  1908  is  105  pupils. 

The  Cleveland  Technical  High  School  has  just 
been  completed  and  will  open  its  doors  to  pupils  next 
September  (1908).  It  offers  a  four  year  course. 
One  third  of  the  time  in  the  first  three  years  and  one 
half  of  the  time  in  the  fourth  year  is  devoted  to  in- 
dustrial instruction.  Foreign  language  instruction 
has  been  practically  eliminated  from  the  course,  and 
all  of  the  instruction  in  English,  history,  mathematics 
and  science  is  made  to  relate  as  closely  as  possible 
to  the  instruction  in  the  practical  branches.  The 
following  is  a  quotation  from  the  latest  prospectus: 

''The  Cleveland  Technical  High  School  has  two 
immediate  ends  in  view:  (1)  to  prepare  youth  of 
both  sexes  for  a  definite  vocation  and  for  efficient 
industrial  citizenship;  (2)  to  help  men  and  women 
already  engaged  in  a  vocation  to  better  their  condition 
by  increasing  their  technical  knowledge  and  skill." 

The  school  is  planned  for  an  entering  class  of  about 
600  pupils. 

The  City  of  Fitchburg  is  about  to  open  next  fall  a 
Cooperative  Half-time  Course  in  which  the  public 
high  school  of  the  city  and  a  number  of  local  manu- 
facturers will  cooperate  in  very  much  the  same  way 
that  the  University  of  Cincinnati  and  the  local  manu- 
facturers of  Cincinnati  are  cooperating.  The  plan 
will  be  similar  to  the  one  which  Dean  Schneider  de- 
scribed in  his  paper  given  before  this  Society  a 
year  ago,  on  a  *'Six  Year  Cooperative  Engineering 
Course,"  and  in  the  paper  which  he  is  presenting  to 
us  at  this  meeting. 
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Perhaps,  also,  there  should  be  included  in  this 
group  the  technical  high  school  recently  established 
at  Altoona,  Pa.,  which  was  referred  to  in  the  report 
of  this  committee  presented  a  year  ago. 

Group  6. 
Public  Preparatory  Trade  Schools. 
At  the  present  time  there  are  no  public  schools 
which  offer  strictly  vocational  training  to  boys  of 
fourteen,  fifteen  or  sixteen  years  of  age,  or  to  boys 
who  have  not  graduated  from  grammar  schools.  It 
should  be  noted,  however,  that  there  are  several  cities, 
notably  Xew  York,  Rochester,  Boston,  Utica,  Albany 
and  Syracuse,  that  are  seriously  considering  the  estab- 
lishment of  such  schools,  and  it  is  probable  that 
before  the  end  of  another  year  several  such  schools 
will  be  in  actual  operation. 

Group  7. 
Secondary  Technical  Schools. 
This  group  includes  those  schools  which  offer 
courses  of  instruction  intended  to  train  young  men 
for  such  positions  as  foremen,  master  mechanics,  in- 
spectors, etc.,  and  for  similar  positions  between  the 
grade  of  skilled  mechanics  and  engineers.  The  best 
known  schools  of  this  type  are: 

The  School  of  Science  and  Technology',  Pratt  Insti- 
tute, Brooklyn,  N.  Y. 
Lewis  Institute,  Chicago,  111. 
Drexel  Institute,  Philadelphia,  Pa. 
The  Regular  Day  Industrial  Course  in  the  School 
for  Apprentices  and  Journey-men  of  the  Carnegie 
Technical  Schools,  Pittsburg,  Pa. 
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Meclianics  Institute,  Eochester,  N.  Y. 

The  Ohio  Mechanics  Institute,  Cincinnati,  0. 

Webb's  Academy  and  Home  for  Shipbuilders. 

The  distinctive  features  of  the  courses  included  in 
this  group  are  that,  as  a  rule,  they  give  practical  in- 
struction in  more  than  one  trade,  and  also  give  applied 
science  and  technical  instruction  of  a  grade  consider- 
ably in  advance  of  that  usually  given  in  technical 
high  schools. 

The  School  of  Sciexce  and  Technology  of  Pratt 
Institute  is  the  department  which  includes  all  of  the 
technical  and  trade  work  for  men.  This  department 
of  the  institute  was  established  in  1887.  It  offers 
three  two-year  courses  of  foremanship  grade  for  those 
who  wish  to  enter  electrical,  mechanical  or  chemical 
manufacturing. 

First.  Applied  Electricity,  for  inspectors,  testers 
and  detailed  designers  for  companies  manufacturing 
electrical  machinery  and  apparatus;  cable  testers,  in- 
spectors, etc.,  for  the  telephone  companies,  and  similar 
positions  for  electrical  railways  and  operating  com- 
panies supplying  light  and  power. 

Second.  Steam  and  Machine  Design,  for  power 
plant  operators,  designers,  inspectors  and  foremen 
in  manufacturing  plants. 

Third.  Applied  Chemistry  for  foremen,  assistant 
superintendents,  inspectors,  mixers  and  testers  in 
chemical  manufacturing  plants. 

The  majority  of  those  entering  these  courses  are 
mature  and  have  had  practical  experience  before  they 
come  to  the  Institute.  They  are,  therefore,  able  to 
obtain,    after   completing   their   courses,   positions   of 
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responsibility.      The  enrollment  in  the  school  for  the 
year  1907-08  was  as  follows : 

School  of  Science  and  Technology,  Pratt  Institute. 

Day   Foremaxship   Coubses — Two   Years. 

Applied  Electricity  129 

Steam  and  Machine  Design    123 

Applied  Chemistry    53  305 

Day  Trade  Coirses — Oxe  Yeak. 

Machine  Construction    38 

Carpentry  and  Building   23  61 

Total  in  day  courses  366 

Ea-exixg  Exboixmext. 

Evening  technical  classes  560 

Evening  trade  classes  268 

Total  evening  enrollment 828 

Grand  total    1^194 

Lewis  Institute  is  properly  included  in  the  group 
of  secondary  technical   schools  although  the   regular 
courses  of  instruction  for  which  it  offers  its  certificate 
and  degrees  are  as  follows : 
A  four-year  academic  or  college  preparatory  curri- 
culum. 
A  college  course  of  instruction  leading  to  the  title 

"Associate  in  Arts." 
A  four-year  college  curriculum  leading  to  the  degree 

of  mechanical  engineer. 
A  course  leading  to  the  title  of  "Associate  in  Do- 
mestic Economy." 
The  institute  was  opened  in  September,  1896,  and 
up  to  July,  1907,  it  had  granted  774  degrees  and  certi- 
ficates.     Ten  times  as  many  students  have  attended 
who  have  never  received  a  formal  certificate,  however, 
and  these  have  probably  received  as  large  returns  in 
proportion  to  the  time  and  money  invested,   as  the 
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certificate  holders.  Many  of  them  have  been  attracted 
to  Levris  Institute  because  of  the  shops  and  labora- 
tories and  the  excellent  mechanical  and  applied  science 
instruction.  For  them  the  director  has  been  always 
willing  to  plan  excellent  courses  to  fit  their  individual 
needs,  and  while  no  course  of  secondary  technical 
training  is  listed  in  the  catalogue,  it  is  probable  that 
a  much  larger  number  of  boys  have  received  instruc- 
tion of  this  grade  at  Lewis  Institute  than  have  ever 
completed  the  engineering  courses.  It  is,  however, 
impossible  to  obtain  statistics  on  this  point,  or  to 
tell  how  many  such  are  at  present  enrolled.  At  the 
present  time  200  boys  are  enrolled  in  the  various 
shops,  taking  on  an  average  about  ten  hours  per  week. 

The  total  enrollment  in  the  evening  classes  is  about 
1,200. 

Some  of  the  courses  offered  by  Drexel  Ixstitute 
are  also  best  classified  in  this  group.  Drexel  Insti- 
tute offers  a  three-year  course  in  Architecture,  and 
also  three-year  courses  leading  to  diplomas  in  elec- 
trical engineering,  mechanical  engineering  and  civil 
engineering. 

Besides  these  more  advanced  courses,  however,  it 
also  offers  a  three-year  elementary  technical  course 
in  mechanic  arts;  a  two-year  course  in  mechanical 
drawing  and  a  two-year  course  in  machine  construc- 
tion. In  these  three  last-named  courses  about  one 
half  of  the  time  is  devoted  to  practical  instruction 
in  shop  work  and  mechanical  drawing,  and  the  re- 
mainder of  the  time  to  English  branches,  mathematics 
and  applied  science. 

The  Mechaxics  Ixstitute  of  Rochester  offers  cer- 
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tain  courses  in  mechanic  arts  which  are  properly  in- 
cluded in  this  group.  These  courses  are  intended  to 
take  students  with  a  grammar  school  education  or  its 
equivalent  and  fit  them  in  three  years  for  such  posi- 
tions as  mechanical  draughtsmen,  electrical  workers, 
inspectors,  etc.,  and  for  other  positions  in  manufac- 
turing establishments  that  offer  good  prospects  of 
ultimate  advancement.  These  courses  are  three 
years  in  length  and  give  practical  instruction  in 
several  trades.     The  courses  are  as  follows: 

Mechanical  course  in  mechanic  arts. 

Electrical  course  in  mechanic  arts. 
In  each  one  of  these  courses  mathematics  is  con- 
tinued five  times  a  week  throughout  the  three  years. 
English  is  taught  throughout  every  year,  five  or  six 
times  a  week.  Mechanical  drawing  is  given  six  times 
a  week  for  three  years  in  the  mechanical  course,  and 
for  the  first  year  in  the  electrical  course.  Shop  work 
including  joinery,  wood-turning,  pattern  making, 
forging  and  machine  shop  practice  is  given  from  eight 
to  ten  i>eriods  a  week.  Elementary  science  and  ap- 
plied science  with  practical  laboratory  instniction  is 
given  from  three  to  sixteen  hours  per  week  according 
to  the  year  and  the  course.  The  tuition  for  these 
courses  is  seventy-five  dollars  per  year.  Enrollment 
for  year  1908-09  is  as  follows: 

First  year  24 

Second  year 86 

Third  year    24 

Specials   25 

Total 159 

The  Mechanics  Institute   of  Rochester  also  offers 
courses  in  normal  manual  training,  in  domestic  science 
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and  art,  and  in  fine  and  applied  arts.  It  offers 
evening  classes  in  all  of  these  branches  and  also 
evening  technical  and  evening  trade  classes.  The 
total  individual  enrollment  in  the  year  1906-07  ^as 
3,190.  The  total  enrollment  in  evening  trade  and 
evening  technical  classes  was  822. 

The  Ohio  Mechaxics  Ixstitute  of  Cincinnati  has 
been  in  operation  for  eighty  years.  Its  purpose  is 
the  general  advancement  of  the  mechanical  arts  and 
the  development  of  technical  education,  largely 
through  the  work  shops  and  laboratories.  The  cata- 
logue states  "'The  Ohio  Mechanics  Institute  lays 
special  stress  upon  vocational  training." 

There  are  four  four-year  courses  to  which  grad- 
uates of  a  grammar  school  are  admitted.  These 
courses  are  somewhat  similar  to  the  courses  of  a  four- 
year  manual  training  high  school  with  the  following 
exceptions:  very  little  time  is  given  to  foreign  lan- 
guages, and  the  work  is  more  definite  and  specialized, 
aiming  to  prepare  students  for  specific  places  in 
practical  work,  and  there  is  much  more  advanced 
technical  work  than  is  found  in  four-year  manual 
training  high  school  courses.  The  courses  are  as 
follows : 

Course  in  mechanics. 

Course  in  architecture. 

Course  in  science. 

Course  in  industrial  art  and  design. 
The   tuition  is   from  $40   to   $50  per   year.      The 
enrollment  in  the  day  classes  is  as  follows : 

First  year   93 

Second  rear 78 
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Third  vear    60 

Fourth  year   32 

Special  students    108 

Total 371 

Webb's  Academy  and  Home  for  Shipbuilders  owes 
its  origin  to  William  H.  Webb,  a  naval  architect  and 
shipbuilder,  who  established  at  Fordham  Heights, 
New  York  City,  on  the  banks  of  the  Harlem  Eiver, 
Webb's  Academy.  The  building  was  completed  in 
1894.  The  requirements  for  admission  are  that  an 
applicant  shall  be  American  born  and  that  his  parents 
shall  be  unable  to  provide  for  his  education.  The 
age  requirements  are  from  fifteen  to  twenty  years.  A 
competitive  examination  is  required.  Xo  charge  is 
made  for  tuition.  The  course  of  study  extends  over 
three  years  and  includes  algebra  and  such  operations 
of  plane  and  solid  geometry  and  trigonometry  and 
elementary  calculus  as  find  practical  application  in  the 
art  of  shipbuilding.  Considerable  theoretical  instruc- 
tion is  given  in  marine  engineering.  A  large  amount 
of  time  is  devoted  to  mechanical  drawing  and  ele- 
mentary naval  architecture.  There  is  no  shop  work 
included  in  the  course,  but  in  order  that  the  students 
may  acquire  practical  knowledge  they  are  required  to 
spend  about  eight  weeks  of  their  summer  vacations 
in  various  shipyards  throughout  the  country.  There 
were  30  students  enrolled  in  this  school  during  the 
year  1907-08,  and  since  its  establishment  in  1894,  106 
have  been  graduated.  Twelve  were  graduated  during 
the  last  twelve  months.  The  estimated  annual  ex- 
penses are  $1,500. 
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Group  8. 
Textile  Schools. 
In  this  group  of  industrial  schools  there  should  be 
mentioned  the  following: 

The  Philadelphia  Textile  School,  Philadelphia,  Pa. 

Lowell  Textile  School,  Lowell,  Mass. 

The   Xew   Bedford   Textile   School,   New   Bedford, 

Mass. 
The  Bradford  Durfee  Textile  School,   Fall  Eiver, 

Mass. 
Ludlow  Textile  School,  Ludlow,  Mass. 
The  Philadelphia  Textile  School,  which  is  a 
branch  of  the  Pennsylvania  Museum  and  School  of 
Industrial  Art,  was  opened  in  the  year  1877-78.  It 
has  an  elaborate  equipment  and  gives  the  most 
thorough  and  practical  kind  of  instruction  in  the 
textile  art  and  trades.  The  following  courses  are 
offered : 

Regular  course    three  years. 

Cotton  course   two  years. 

Wool  and  worsted  course    two  years. 

Silk  course two  years. 

Jacquard  design  course two  years. 

Yam  manufacturing  course    two  years. 

Chemistry,  dyeing  and  printing two  years. 

The  aim  is  to  graduate  men  who  will  be  competent 
to  become  superintendents  of  textile  establishments, 
including  dyeing,  printing  and  finishing.  All  of  the 
instniction  is  of  the  most  practical  character  and  is 
given  in  laboratory  or  mill  departments.  Xo  aca- 
demic instruction  is  included.  The  enrollment  for 
the  present  year  is  105  in  the  textile  departments  of 
the  dav  classes. 
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The  estimated  total  enrollment  in  day  and  evening 
classes  in  the  textile  school  and  in  the  school  of 
applied  art  is  about  2,500. 

The  Lowell  Textile  School  has  a  magnificent 
equipment  for  textile  instruction,  the  estimated  value 
of  which  is  over  $200,000.  Some  idea  of  this  can 
be  obtained  from  the  following  statement  of  floor 
space  devoted  to  its  several  departments: 

sq   ft. 

Cotton  spinning  and  knitting 12.000 

Wool  and  worsted  spinning   20.700 

Decorative  art  and  textile  design 12,400 

General  chemistry  and  dyeing  laboratories ....  14,000 

Commercial  dyeing    4,570 

Industrial  chemistry   1.572 

Finishing  rooms  7,000 

Power  weaver   15.600 

Mechanical  and  electrical  engineering 13,600 

The  school  offers  five  regular  courses.  They  are 
as  follows: 

Cotton  manufacturing. 
TTool  manufacturing. 
Textile  design. 
Chemistry  and  dyeing. 
Textile  engineering. 
All  of  these  courses  are  three  years  in  length.     The 
enrollment  is: 

Day  students    I77 

Evening  students 539 

Total "716 

Names  counted  twice   47 

Net  total   '669 

The  Xew  Bedford  Textile  School  of  New  Bedford, 
Mass.,  was  opened  for  instruction  in  October,  1899. 
The    school    occupies    a   fine    brick    building   with    a 
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floor  space  of  46,000  square  feet.  It  lias  an  excellent 

equipment   and   offers   practical  instruction   in   both 

day  and  evening  classes.      The  day  courses   are   as 
follows : 

Complete  manufacturing  course   three  years. 

Cotton  carding  and  spinning  course one  year. 

Weaving  course one  year. 

Designing  course    two  years. 

Chemistry  and  dyeing  course   two  years. 

Complete  knitting  course  three  years. 

The  greater  part  of  the  instruction  given,  however, 
is  at  night.  The  enrollment  for  the  year  1906-07 
was  as  follows: 

Day  classes  26 

Evening  classes    433 

Total 459 

The  Beadfoed  Dukeee  Textile  School,  Fall  River, 
Mass.,  was  opened  for  students  in  March,  1904.  It 
is  housed  in  a  large,  well  lighted  building  and  is 
equipped  with  a  great  variety  of  machinery.  Three 
courses  are  offered,  as  follows: 

Design  and  weaving two  years. 

Chemistry  and  dyeing two  years. 

General  cotton  manufacturing three  years. 

Most  of  the  instruction  given  by  the  school,  how- 
ever, is  evening  instruction,  there  being  only  about 
ten  or  a  dozen  day  students  enrolled  this  year. 

The  number  of  evening  students  who  attended  the 
entire  school  year  was  226. 

The  Textile  School  at  Ludlow,  Mass.,  was  but 
recently  established  and  no  statistics  are  yet  available. 
The  plan  of  its  organization  is  that  of  a  "half-time" 
school,  in  which  the  school  and  the  local  manufacturers 
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cooperate  on  a  basis  somewhat  similar  to  the  plan  of 
the  University  of  Cincinnati. 

There  should  also  be  mentioned  the  textile  schools 
giving  evening  instruction  in  Lawrence,  Mass.,  North 
Adams,  Mass.,  and  also  the  departments  of  textile 
engineering  in  Clemson  Agricultural  College,  Clemson 
College,  South  Carolina,  and  in  the  Georgia  School 
of  Technology,  Atlanta,   Ga. 

Note.— A  report  on  the  textile  schools  of  Massa- 
chusetts has  been  prepared  by  the  Massachusetts 
Commission  on  Industrial  Education. 

Group  9. 

Schools  of  Horology  and  Watch  Making. 

There  are  a  number  of  small  schools  in  the  United 
States  devoted  to  horology  or  watch-making  and 
jewelry.     The  more  important  ones  are : 

The  Department  of  Horology,  Bradley  Polytechnic 

Institute,  Peoria,  111. 
The  Waltham  Horological  School,  Waltham,  Mass. 
Hutchinson's  School  for  "Watch-makers,  Engravers 

and  Opticians,  Laporte,  Ind. 
Woodcock's   Watchmaking   and   Engraving   School, 

Winona. 
St.  Louis  Watch-making  School,  St.  Louis,  Mo. 
Omaha  Watch   Repairing,   Engraving  and  Optical 

Institute,  Omaha,  Neb. 

Jewelers'  School  of  Engraving,  Chicago,  111. 

The  horology   department  of  Bradley   Polytechnic 

Institute  was  started  m  1886  and  became  a  part  of 

the  Bradley  Polytechnic  Institute  in  1897.    It  occupies 

an  entire  building  with  an  excellent  equipment.      In- 

(30) 
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stniction  is  individual,  except  in  optics  and  drawing, 
where  classes  are  formed  every  three  months.  The 
length  of  the  course  as  a  rule  depends  on  the  progress 
of  the  pupil.  The  complete  course,  however,  is  three 
years.      The  enrollment  is  as  follows: 

Watch-making    80 

Engraving   30 

Jewelry 25 

Optics 50 

Total  enrollment  for  year  ^T 

Approximate  number  of  graduates  since   1886... 3,000 

The  other  schools  of  this  type  are,  as  a  rule,  small 
and  are  conducted  by  one,  two  or  three  instructors. 
The  "Waltham  Horological  School  is  next  in  impor- 
tance.     It  was   established   in   1870. 

Group  10. 
Miscellaneous  Day  Trade  Schools. 
There  are  a  number  of  special  trade  schools  not 
included  in  any  of  the  above  groups,  such,  for  ex- 
ample, as  trade  schools  for  brewers,  for  barbers,  for 
garment  cutters,  schools  of  telegraphy,  schools  of 
photography,  etc.  A  number  of  these  are  well  estab- 
lished and  are  doing  a  useful  work.  There  are,  for 
example,  at  least  four  brewers  schools.  The  United 
States  Academy  of  New  York,  which  charges  a  tuition 
of  $500  to  those  who  have  already  had  considerable 
experience,  for  the  purpose  of  turning  out  master 
brewers.  This  school  has  five  instructors,  three  of 
whom  are  college  graduates,  and  from  thirty  to  forty 
pupils.  Thirteen  were  graduated  during  the  last 
year,  and  750  have  been  graduated  since  the  school 
was   organized.      The   equipment  is   quite   elaborate. 
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There  should  also  be  mentioned  the  National  Brewers ' 
Academy  of  New  York,  The  American  Brewing  Acad- 
emy of  Chicago  and  Hantke's  Brewers'  School  of 
Milwaukee.  It  is  not  necessary  to  describe  the  re- 
maining schools  in  this  group. 

No  attempt  has  been  made  to  include  in  this  report, 
Industrial  Schools  for  Colored  Boys  and  Young  Men, 
many  of  which  are  doing  most  excellent  work,  for 
example,  the  Tuskegee  Institute  of  Tuskegee,  Ala- 
bama, which  has  a  large  variety  of  trade  departments, 
and  1,169  students  in  24  diiferent  trades;  the  Arm- 
strong and  Slater  Memorial  Trade  School  of  Hampton, 
Va.,  with  249  students  in  12  trades;  and  upwards  of 
two  dozen  other  schools  doing  the  same  kind  of  work 
on  a  smaller  and  less  important  scale. 

Group  11. 
Evening  Industrial  Institutes. 
AVhile  no  attempt  has  been  made  to  include  evening 
instruction  in  this  report,  it  would  not  be  complete 
without  making  some  reference  to  the  magnificent 
work  done  in  trade  and  elementary  technical  classes 
by  such  schools  as  Cooper  Union  of  New  York,  which 
provides  for,  in  addition  to  the  day  classes  in  engi- 
neering, evening  instruction  for  over  2,000  students 
annually;  the  Mechanics  and  Tradesman  Institute  of 
New  York  which  has  an  evening  enrollment  of  nearly 
2,000;  the  Franklin  Union  of  Boston  which  was 
recently  organized  and  already  has  an  enrollment  of 
over  500;  the  evening  classes  of  Pratt  Institute  of 
Brookl}Ti,  the  Drexel  Institute  of  Philadelphia,  the 
Mechanics  Institute  of  Rochester,  Spring  Garden  In- 
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stitute  of  Philadelphia,  The  Ohio  Mechanics  Institute 
of  Cincinnati,  which  have  already  been  referred  to; 
the  Wells  Memorial  Institute  of  Boston,  The  Virginia 
Mechanics  Institute  of  Richmond,  Va.,  the  Newark 
Technical  School,  Newark,  N.  J.,  the  Lowell  Technical 
School  for  Industrial  Foremen,  of  Boston,  The  Casino 
Technical  Night  School  of  East  Pittsburg,  The  Massa- 
chusetts Charitable  Mechanics  Association  Evening 
Trade  School  (which  is  devoted  entirely  to  shop  in- 
struction in  the  building  trades).  The  Franklin  In- 
stitute of  Philadelphia,  the  evening  schools  conducted 
by  many  cities,  such  as  New  York,  Brooklyn,  Spring- 
field, Mass.,  the  evening  classes  conducted  by  the 
Massachusetts  Commission  on  Industrial  Education, 
etc. 

Geoup  12. 

Young  Men's  Christian  Associations  and  Young  Men's 
Christian  Union. 
It  is  difficult  to  estimate  just  how  much  of  the 
educational  work  of  the  Young  Men's  Christian  Asso- 
ciations and  the  Young  Men's  Christian  Union  is 
vocational,  and  how  much  of  it  is  more  accurately 
described  as  general  education.  For  a  number  of 
years  past,  however,  a  larger  and  larger  proportion 
of  the  work  has  been  of  a  practical  character,  and, 
therefore,  it  should  at  least  be  referred  to  in  this 
report.  The  extent  of  this  work  can  be  judged  from 
the  fact  that  in  the  year  1907,  over  72,000  students 
attended  regular  classes  in  385  different  associations 
for  an  average  of  52  hours,  and  with  an  average 
percentage  of  attendance  of  73  per  cent.     And  these 


COMMITTEE    ON    INDUSTRIAL.    EDUCATION.  405 

students  contributed  over  $268,000  in  fees  during  the 
year.  Ten  years  before  the  income  from  such  tui- 
tions was  but  $18,000,  and  the  increase  of  $250,000 
during  these  ten  years  has  been  possible  largely,  be- 
cause more  and  more  of  the  instruction  has  been  of 
such  a  character  that  it  would  increase  the  earning 
powej^  of  men  who  attended,  and  has,  consequently, 
appealed  to  them  as  a  good  investment.  The  Asso- 
ciations in  19  different  cities  report  over  500  students 
each  and  New  York  (West  Side)  reports  1,898,  Boston 
1,802,  Chicago  1,776,  New  York  (23d  Street)  1,413. 
The  Young  Men's  Christian  Union  of  Boston  reports 
1,158   students  in  19   subjects  and  28  classes. 


The  schools  referred  to  under  the  various  headings 
of  this  report  include  all  of  the  larger  and  more 
important  ones  in  the  United  States  in  the  field  of 
Industrial  Education  having  day  classes  for  white 
boys  and  young  men.  Not  all  of  the  blanks  sent  out, 
however,  were  returned  and  some  of  the  smaller 
schools  have  been  necessarily  omitted  because  of 
lack  of  definite  data.  It  is  hoped  that  such  omis- 
sions are  few  and  comparatively  unimportant.  The 
committee  will  welcome  any  additions  or  corrections 
to  this  report  in  order  that  it  may  keep  its  records 
accurate  and  complete. 

C.    M.    WOODWAED, 

Henry  T.  Eddy, 
G.  F.  Swain, 

G.   A.   GOODENOUGH, 
A.    L.    WiLLJSTON, 
W.    B.    BUSSELL, 

Committee. 


REPORT  OF  COMMITTEE  ON  NECROLOGY. 
CHARLES  SCOTT  MAGOWAN, 

Late  Professor  and  Head  of  the  Department  of  Municipal  and 

Sanitary  Engineering,  College  of  Applied  Science, 

The  State  University  of  Iowa. 

Charles  Scott  Magowan  was  bom  in  Fairfield,  Iowa,  December  1, 
1858.  He  entered  the  State  University  of  Iowa  with  the  class  of 
1883,  but,  remaining  out  of  school  one  year  engaged  with  the  Chi- 
cago, Milwaukee  and  St.  Paul  Railway,  he  graduated  with  the  de- 
greee  of  civil  engineer  in  1884.  He  also  earned  the  degree  of 
master  of  arts,  which  was  given  him  in  1887. 

No  professional  work  offering  itself  immediately  upon  gradua- 
tion, he  taught  school  one  winter,  but  in  the  spring  of  1885  he  re- 
sumed railroad  engineering  with  the  Rock  Island  Railroad,  going  later 
to  the  Union  Pacific,  with  which  company  he  was  employed  until  the 
fall  of  1886.  He  then  returned  to  his  ahna  mater  as  assistant 
professor  of  engineering,  which  position  he  held,  the  title  being 
subsequently  changed  to  assistant  professor  of  civil  engineering, 
until  1903,  when  he  was  made  professor  and  head  of  the  Depart- 
ment of  Municipal  and  Sanitary  Engineering.  This  position  he  held 
until  his  death.  He  was  'also  engineer  to  the  County  Board  of 
Supervisors,  having  charge  of  their  bridge  work,  which  was  exten- 
sive, and  for  eleven  years  he  was  city  engineer  of  Iowa  City,  design- 
ing and  having  charge  of  the  construction  of  its  sewer  system  and  a 
large  mileage  of  paving. 

He  was  a  member  of  the  Phi  Delta  Theta  Fraternity,  the  Society 
of  the  Sigma  Xi,  the  Iowa  Engineering  Society,  and  the  Society 
for  the  Promotion  of  Engineering  Education. 

He  was  married  July  13,  1887,  to  Minnie  Sutliffe,  four  children 
being  born  of  this  union.     He  died  November  14,  1907. 

Modest  and  retiring  almost  to  a  fault,  Professor  Magowan  never 
sought  his  own  advancement  by  other  ways  than  fidelity  to  his  work 
and  to  those  who  employed  him.  Always  faithful  in  service  to  the 
university,  always  faithful  in  professional  work,  always  faithful  in 
the  many  activities  with  which  he  had  to  do  in  his  church,  devoted 
to  the  interests  of  his  students,  known  to  be  absolutely  honest,  he 
was  called  upon  for  far  more  than  should  have  been  required  of  one 
man.  In  the  words  of  one  of  his  students,  "  He  did  a  man's  work 
and  lived  a  man's  life." 

(406) 
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STORM  BULL, 

Late  Professor  of  Steam  Engineering,  University  of  Wisconsin. 

Storm  Bull  was  bom  at  Bergen,  Norway,  October  20,  1856.  His 
early  education  was  obtained  at  his  home  in  Norway,  but  for  his 
professional  training  he  went  to  Switzerland  where  he  attended  the 
famous  engineering  school  at  Zurich.  He  chose  the  course  of  me- 
chanical engineering,  from  which  he  was  graduated  with  the  degree 
of  M.E.  in  1877.  The  cosmopolitan  character  of  the  institution  was 
of  great  advantage  to  him  as  he  was  compelled  to  listen  to  lectures 
in  two  different  language  (French  and  German),  both  foreign  to 
him.  In  this  way  Professor  Bull  laid  the  foundation  for  an  ex- 
ceptional proficiency  in  the  use  of  modem  languages,  both  in  speak- 
ing and  writing. 

After  graduation  he  spent  two  years  in  engineering  practice, 
mostly  in  European  shops.  He  came  to  this  country  in  1879  and 
chose  Madison,  "Wis.,  as  his  residence.  Shortly  after  his  arrival  he 
was  appointed  instructor  in  the  engineering  department  of  the  Uni- 
versity of  Wisconsin,  in  which  position  his  work  varied  from  time 
to  time  as  the  contingencies  of  the  program  required.  He  was  ap- 
pointed professor  of  mechanical  engineering  in  1886;  and,  in  1891. 
because  of  increased  specialization  of  work,  he  was  made  professor 
of  steam  engineering.  This  chair  he  held  up  to  the  time  of  his 
death. 

Professor  Bull's  technical  training  was  of  the  highest  order,  and 
his  working  knowledge  of  mathematics  and  methods  of  higher 
analysis  was  equalled  by  very  few  men  in  American  engineering 
schools.  First  of  all  teacher  and  scholar,  Professor  Bull  was  also 
active  in  the  practice  of  his  profession  and  the  performance  of 
public  and  civic  duties.  He  was  an  honored  member  of  many 
scientific  and  technical  societies,  and  was  one  of  the  most  active 
among  the  organizers  of  this  Society. 

Devotion  to  duty  was  a  strong  element  in  his  character,  and  to 
him  it  demanded  his  best  service,  not  only  in  his  profession  of  teacher 
and  engineer,  but  in  all  of  his  relationships  with  society.  It  was 
this  that  led  him  to  give  generously  of  his  time  for  several  years 
as  a  member  of  the  common  council  and  as  the  Mayor  of  the  City  of 
Madison. 

In  the  spring  of  1907  Professor  Bull  was  attacked  by  cancer  and, 
while  an  operation  appeared  for  a  time  to  relieve  the  trouble,  it 
returned,  and  after  many  months  of  suffering  he  passed  away  on 
November  17,  1907.  He  leaves  a  wife  and  one  son,  a  recent  gradu- 
ate of  the  University  of  Wisconsin. 
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CHARLES  PHILO  MATTHEWS, 

Late  Professor  of  Electrical  Engineering,  Purdue  University. 

Charles  Pliilo  Matthews  was  bom  September  18,  1867,  at  Fort 
Covington,  N.  Y.,  and  was  at  the  time  of  his  death  a  little  more  than 
forty  years  of  age.  His  early  education  was  received  at  St.  Johns- 
burg  Academy,  St.  Johnsburg,  Vt.,  where  he  completed  his  academic 
training  in  1887.  He  entered  Cornell  University  and  was  graduated 
from  the  electrical  engineering  course  in  Siblej-  College  in  1892. 
After  his  graduation  he  became  an  instructor  in  physics  at  Cor- 
nell, serving  in  that  capacitv'  until  called  to  Purdue  University  as 
associate  professor  of  electrical  engineering  in  1896. 

In  1905  Professor  Matthews  was  placed  at  the  head  of  the  School 
of  Electrical  Engineering,  which  position  he  held  until  his  death, 
November  23,  1907. 

Professor  Matthews  was  a  ven,-  successful  teacher.  He  knew  his 
work  thoroughly,  and  presented  it  in  a  clear,  concise,  understandable 
manner.  He  was  possessed  of  a  personality  which  made  him  in- 
teresting, approachable  and  helpful.  His  fine  sense  of  humor,  in- 
sight into  character  and  faculty  of  narration  are  well  known  to  his 
friends. 

Professor  Matthews  did  much  in  scientific  research,  and  made 
many  contributions  to  scientific  knowledge.  He  was  particularly  in- 
terested in  photometry  and  in  the  subject  of  artificial  illumination. 
His  most  important  work  of  investigation  was  the  photometric 
value  of  the  enclosed  arc  lamp,  a  series  of  investigations  conducted 
under  the  auspices  of  the  National  Electric  Light  Association.  This 
extended  over  four  years,  and  the  reports  cover  several  hundred 
pages.  He  was  also  the  inventor  of  a  number  of  devices  for  photo- 
metric measurements,  and  was  the  author  of  several  text -books. 

In  1906  Cornell  University  confen-ed  on  Dr.  Matthews  the  de- 
gree of  doctor  of  philosophy  in  recognition  of  his  valuable  contri- 
butions to  scientific  and  engineering  literature. 
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WILLIAM  ARNOLD  ANTHONY, 

Late  Professor  of  Physics  and  Electricity,  and  Director 

of  Physical  Laboratories.  Cooper  L'nion  for  the 

Advancement  of  Science  and  Art. 

William  Arnold  Anthony  was  bom  in  Coventry.  R.  I..  November 
17,  1S35;  he  was  graduated  from  Sheffield  Scientific  School.  Yale 
University,  with  the  class  of  1S60 ;  he  taught  school  in  New  England 
for  a  time,  and  then  seized  several  years  as  professor  of  physics 
and  chemistry  at  Antioch  College.  Ohio,  and  later  at  the  Iowa  State 
College.  In  1S72  he  was  called  to  the  chair  of  physics  in  Cornell 
where  he  remained  until  1SS7.  For  five  years  he  was  consulting 
engineer  to  the  Mather  Electric  Company,  Manchester.  Conn.,  and 
after  1S93  he  was  professor  of  physics  and  electricity,  at  the  Cooper 
Union  for  the  Advancement  of  Science  and  Art,  which  position  he 
held  up  to  the  time  of  his  death. 

Professor  Anthony  was  the  author,  with  Professor  Bracken,  of 
Princeton,  of  a  well  known  text-book  on  physics,  and  also  the  au- 
thor of  "  Notes  on  Electrical  Measurements."  He  was  the  designer 
and  builder  of  the  first  American  dynamo  machine — the  well-known 
Gramme  machine  which  has  been  exhibited  at  the  expositions  of 
Philadelphia  in  1S76.  Buffalo  and  St.  Louis.  In  1S75  this  machine 
was  used  in  regrular  service  to  furnish  current  for  arc  lamps  on  the 
camptxs  at  Cornell  before  such  means  of  iUtmiination  had  been  intro- 
duced in  any  of  the  great  cities  of  the  world,  and  has  been  in  con- 
tinuous service  ever  since.  Now.  after  a  third  of  a  century  this 
interesting  machine,  which  Professor  Anthony  constructed,  is  still 
in  daily  service  furnishing  power  to  the  student  shops  in  Cornell 
University.  During  its  long  life  it  has  never  needed  repairs  which 
could  not  readily  be  done  in  the  work-shops  of  the  department. 

Professor  Anthony  made  many  contributions  to  scientific  re- 
search, especially  in  the  field  of  electric  engineering  where  he  did 
much  pioneer  work  and  also  contributed  much  to  the  practical  de- 
velopment of  electrical  engineering.  But  despite  the  high  position 
he  occupied  in  these  fields,  those  who  were  forttmate  enough  to  have 
been  his  students  and  those  who  had  the  pleasure  of  being  associated 
with  him  as  teachers  and  co-workers,  will  always  believe  that  he 
was  at  his  best,  and  did  his  greatest  work  as  a  teacher  in  the  lecture 
room  and  laboratory  where  he  was  fired  by  that  enthusiasm  which 
is  given  only  to  those  who  thoroughly  love  their  work. 


Lfbrary 
N.  C.  State  College 
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